port  Ho.  FAA-CT-8M50 


irjf 


feSSI®«  « 


LIGHT  AIRCRAFT  ENGINES,  THE  POTENTIAL  AND 
PROBLEMS  FOR  USE  OF  AUTOMOTIVE  FUELS 
PHASE  1  -  LITERATURE  SEARCH 


D.  I.  Patterson  et  a!. 

UNIVERSITY  OF  MICHIGAN 
Ann  Arbor,  Michigan  148109 


/<V-  '. 
o  v  „# 


"Mres  o* 


DECEMBER  1980 


FINAL  REPORT 


Document  .s  available  to  the  U.S.  public  through 
the  National  Technical  Information  Service. 
Spnngfield.  Virginia  22161 


Prepared  for 

S.  DEPARTMENT  OF  TRANSPORTATION 

FEDERAL  AVIATION  ADMINISTRATION 
TECHNICAL  CENTER 

Atlantic  City  Airport,  New  Jersey  110405 


2  H  1  (h 


NOTICE 

This  document  is  disseminated  under  the  sponsorship  of 
the  Department  of  Transportation  in  the  interest  of 
information  exchange.  The  United  States  Government 
assumes  no  liability  for  the  contents  or  use  thereof. 

The  United  States  Government  does  not  endorse  products 
or  manufacturers.  Trade  or  manufacturer's  names  appear 
herein  solely  because  they  are  considered  essential  to 
the  object  of  this  report. 


Technical  Report  Documentation  Page 

3.  Recipient's  Catalog  No.  j 


n 


fs  A 


Cl L d&L IjMl 7  d  & 


Tiife^and- Subtitle 


/ 


Light  Aircraft  Engines,  The  Potential  and  Problems  j 
Por  Use  of  Automotive  Fuels  &  i 

Phase  I,-i  Literature  Search  ^ 

.  ,  »  - _ ... 

D^Pattjerson^K. /Morrison^ 


5*=*^Report Dot*' -  '/I 

jjf  j  Deceotsw:  .19^0  j 


6.  P.ifoiming  Orgoniiotion  Codt"y- 

OiU 


;and  T. 


.M./ 


fRemondino- 


8.  Performing  Organization  Report  No. 


9.  Performing  Organisation  Name  gnd  Address  / 

The  University  of  Michigan  / 

BepaTtTnHH-tr_o'f''Mechanrca-lEngi.neeringv/ 

( 319 E.  Lay  Automotive  Laboratory,.  North-eampus  . 
'Ann  Arbor,  Mic higarr48'109  ~~ - ^ 


>0.  Work  Unit  No.  (TRAIS) 


■*1  Vv^Contfoc^r'GrcfnrrNoT 


DOT-FA79M-6083  J  r  F 


12.  Sponsoring  Agency  Nome  ond  Address 

Federal  Aviation  Administration 
Technical  Center 

Atlantic  City  Airport,  New  Jersey  O8305 


m 


?/-~Xy  e.e-o  LRop  oxi»on  d»R*r  io  d*Co  vete  d-» 

Final  Report  e 
October  £979  — ■  Septgm]^ 


^7  Sponsoring  Agency  Code- 


15.  Supplementary  Notes 


A  comprehensive  data  research  and  analysis  for  evaluating  the  use  of  automotive 
fuels  as  a  substitute  for  aviation  grade  fuel  by  piston- type  general  aviation 
aircraft  engines  is  presented.  Historically  known  problems  and  potential  problems 
with  fuels  were  reviewed  for  possible  impact  relative  to  application  to  an  air¬ 
craft  operational  environment. 

This  report  reviews  areas  such  as:  fuel  specification  requirements,  combustion 
knock,  preignition,  vapor  lock,  spark  plug  fouling,  additives  for  fuel  and  oil, 
and  storage  stability.  x\ 

A\ 


17.  Kay  Words 

General  Aviation 
Automotive  Fuel 
Aviation  Fuel 


Fuel  Additives 
Light  Aircraft 
Piston  Engines 


Distribution  Stotement 

Document  is  available  to  the  U. S.  public 
through  the  National  Technical  Informa¬ 
tion  Service,  Springfield,  VA  22l6l 


19.  Security  Cfossif.  (of  this  report) 

20.  Security  Classif.  (of  this  page) 

21*  No.  of  Pages 

22.  Pnc. 

Unclassified 

Unclassified 

Form  DOT  F  1700.7  (8-72) 


Reproduction  of  completed  page  authorized. 


y 


METRIC  CONVERSION  FACTORS 


TABLE  OF  CONTENTS 


INTRODUCTION 

OVERALL  CONCLUSIONS  AND  OBSERVATIONS 
DETAILED  CONCLUSIONS 

EXISTENCE  OF  GASOLINE  SPECIFICATIONS  IN  THE  UNITED  STATES 

PERFORMANCE  REQUIREMENT  SPECIFICATIONS 

Octane  Rating 

Distillation 

Volatility 

Composition 

Additives 

Stability- 

Deposit  Characteristics 

EXTENT  OF  SOME  RELEVANT  MANDATORY  REQUIREMENTS 

FAA  Requirements 
State  Requirements 

GASOLINE  VARIABILITY  IN  THE  UNITED  STATES 

WHICH  AVGAS  CAN  BE  REPLACED  BY  AUTOGAS  AND  WHY 

DETAILED  DISCUSSION  OF  POTENTIAL  PROBLEM  AREAS 

Combustion  Problems 
Knock 

Preignition  and  Deposit  Ignition 
Volatility  Related  Effects 
Vapor  Lock 
Icing 

Cold  Start  and  Warm  Up 
Maldistribut ion 
Spark  Plug  Fouling 
Hot  Restart 
Fuel  Safety 
Engine  Durability 

Exhaust  Valve  Life 


icunced 

.fication- 


Sstributioa/ 
-  :  Avail  sr 


Wist  \  W}! 


ft  1 


TABLE  OF  CONTENTS  (Concluded) 


Page 


Valve  Seat  Recession  ‘  ^8 

Engine  Wear  .  ^9 

Compatibility  with  Materials  and  Corrosion  50 

Non-Metallic  Materials  50 

Metallic  Materials  55 

Gasoline  Storage  Stability  58 

ADDITIVES  FOR  PETROLEUM  PRODUCTS  63 

Additives  for  Lubricants  63 

Antioxidants  .  67 

Corrosion  Inhibitors  67 

Anti-Wear  Agents  67 

Detergents  67 

Dispersants  •  67 

Viscosity  Index  Improvers  68 

Rust  Inhibitors  68 

Pour  Point  Depressants  •  68 

Anti -Foam  Agents  ■  69 

Ashless  Additive  69 

Additive  Concentration  69 

Additives  for  Gasoline  70 

Antiknock  Compounds  ■  71 

Deposit  Modifiers  75 

Surface  Ignition  75 

Antioxidants  76 

Metal  Deactivators  77 

Antirust  Agents  77 

Antiicing  Agents  78 

Detergents  79 

Upper  Cylinder  Lubricants  79 

Dyes  79 

Oxygenated  Fuel  Blending  Agents  80 


82 
35 

APPENDIX 

Tables  A-l  through  A-7 
Alphabetical  Bibliography 


SUMMARY 

REFERENCES 


LIST  OF  ILLUSTRATIONS 


Figure  Page 

1  Relationship  Between  the  ASTM  Distillation  Curve  and  Engine  13 

Performance 

2  Maximum  ASTM  Distillation  Requirements  for  Avgas  and  Autogas  ^4 

3  Comparison  of  Actual  80/87  Avgas  and  Regular  Autogas  Dis-  20 

tillation  Data  from  Surveys  with  the  Maximum  Avgas  Distilla¬ 
tion  Requirements  of  ASTM 

4  Comparison  of  Average  Distillation  Data  from  Surveys  of  21 

Regular  Autogas  for -Two  Different  Districts  of  the  U. S. 

During  the  Winter  ’78-'79  with  the  Maximum  Avgas  Distilla¬ 
tion  Requirements  of  ASTM 

5  Comparison  of  Actual  Avgas  and  Autogas  Motor  Octane  Rating  22 

Data  from  Surveys 

6  Comparison  of  Actual  Avgas  and  Autogas  Reid  Vapor  Pressure  23 

Data  from  Surveys 

7  Comparison  of  Actual  Avgas  and  Autogas  Lead  Content  Data  24 

from  Surveys 

8  Comparison  of  Actual  Avgas  and  Autogas  Sulfur  Content  Data  25 

from  Surveys 

9  Temperature-V/L  Relation  for  Some  Unleaded  Autogas  Samples  52 

at  Sea  Level  Pressure 

10  Temperature-V/L  Relation  for  Some  Regular  Autogas  Samples  55 

at  Sea  Level  Pressure 

11  Temperature-V/L  Relation  for  Some  Premium  Autogas  Samples  34 

at  Sea  Level  Pressure 

12  Temperature-V/L  Relation  for  Some  Aviation  Grade  80/87  35 

Samples  at  Sea  Level  Pressure 

13  Effect  of  Altitude/Pressure  on  the  Temperature  V/L  Relation  56 

of  One  Sample  of  80/87  Grade  Avgas 

14  Reduction  of  Atmospheric  Temperature  with  Altitude  38 


v 


LIST  OF  ILLUSTRATIONS  (Concluded) 


Figure 

Page 

15 

Canadian  Department  of  Transport  Icing  Probability  Curves 

440 

16 

Effect  of  Fuel  Volatility  on  Throttle -Plate  Temperature 

4l 

17 

Relative  Plug  Fouling  Time  Versus  Lead  Content  for  a  Labo¬ 
ratory,  Four  Cylinder,  Air-Cooled  Aircraft  Engine 

46 

18 

The  Effect  of  Toluene/isooctane  Blends  at  21 °C  on  the 

Volume  Increase  of  Some  Fuel  System  Rubbers 

56 

19 

Effect  of  Temperature  on  Stability  of  Typical  Aviation 

Gasoline 

6l 

20 

Type  of  Failure  in  110 °F  Storage  of  Commercial  Autogas 

Samples  (TEL  Content  2.6  to  3.2  g  Pt/gal.) 

62 

vi 


LIST  OF  TABLES 


Table  Page 

1  Avgas  and  Autogas  Specifications  5 

2  States  Which  Define  Autogas  Properties  7 

5  States  Which  Define  Avgas  Properties  8 

4  Solubility  Parameters  55 

5  Examples  of  Additives  Used  in  Autogas  64 

6  Examples  of  Additives  Used  in  Automotive  Lubricating  Oils  65 

7  Examples  of  Additives  Used  in  Avgas  66 

8  ASTM  Tests  for  Motor  Oils  71 

9  Problem  Severity  Comparison  .  85 


A-l  Regular  Autogas  Data,  Summer  1979 

A-2  Premium  Autogas  Data,  Summer  1979 

A— 5  Unleaded  Autogas  Data,  Summer  1979 

A-4  Regular  Autogas  Data,  Winter  1978-79 

A-5  Premium  Autogas  Data,  Winter  1978-79 

A-6  Unleaded  AuJ'  3 gas  Data,  Winter  1978-79 

A-7  80/87  Avgas  Data  from  1969 


INTRODUCTION 


Over  the  years  many  pilots  have  reported  on  ;..i  informal  basis  that  they  have  suc¬ 
cessfully  used  automotive  gasoline  (autogas)  in  their  light  aircraft.  On  the  other 
hand,  use  of  autogas  is  suspected  to  have  caused  engine  malfunctions,  some  of  which 
may  have  resulted  in  crashes  (l).  This  study  is  an  attempt  to  evaluate  this  di¬ 
chotomy  of  views  in  terms  of  characteristics  of  autogas  and  aviation  gasoline  and 
how  the  differences  might  be  expected  to  affect  safety,  engine  performance,  and 
durability. 

Several  key  fundamental  areas  have  been  explored.  These  are: 

-  Antiknock  properties 

-  Preignition  and  deposit  ignition 

-  Vapor  lock 

-  Icing 

-  Cold  start 

-  Hot  restart 

-  Fuel  safety 

-  Valve  sticking  and  wear 

-  Materials  incompatibility  and  corrosion 

-  Maldistribution 

-  Spark  plug  operation 

-  Fuel  storage  stability 

Each  of  the  above  areas  has  been  evaluated  based  on  the  published  literature  which 
is  cited  in  the  References.  An  Alphabetical  Bibliography  has  been  included  at  the 
end  of  this  report.  No  experimental  work  has  been  performed  in  connection  with 
this  effort. 


OVERALL  CONCLUSIONS  AND  OBSERVATIONS 


Below  are  presented  the  overall  conclusions  of  this  study.  Detailed  conclusions 
follow : 

1.  Based  upon  existing  information  the  use  of  autogas  in  light  aircraft  is  in  gen¬ 
eral  expected  to  create  safety  problems.  It  is  obvious  that  some  aircraft  and  some 
batches  of  autogas  will  perform  satisfactorily  depending  on  ambient  temperature, 
altitude  obtained,  mode  of  operation,  and  fuel  system  design.  Under  other  circum¬ 
stances  serious  problems  can  arise  quickly  and  there  is  considerable  potential  for 
longer-range  problems  of  materials  and  engine  durability  which  may  or  may  not  cre¬ 
ate  a  dangerous  problem. 
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2.  Many  of  the  technical  studies  of  aircraft  fuels  have  been  conducted  during  or 
prior  to  World  War  II  and  therefore  are  relatively  old.  Few  recent  studies  exist. 
There  is  considerable  lack  of  data  on  just  hew  fuel  property  variations  affect  the 
performance  and  durability  of  aircraft  engines.  This  situation  does  not  support 
conclusions  in  many  areas. 

3-  Based  on  available  information  it  cannot  be  determined  with  certainty  that  fu¬ 
ture  engLie/aircraft  designs  can  be  developed  that  will  be  entirely  *olerant  of  the 
widely  varying  properties  of  autogas,  properties  whose  variations  are  steadly  grow¬ 
ing  as  refiners  attempt  to  maximize  gasoline  yield  in  response  to  higher  prices. 
Research  needs  to  be  done  to  further  delineate  key  problem  areas  and  potential 
solutions.  Standard  tests  need  to  be  developed  by  which  new  fuel  system  designs 
can  be  evaluated.  Such  tests  may  employ  a  set  of  standard  fuels  whose  properties 
reflect  those  of  autogas  which  has  wide  variations  season  to  season  and  from  one 
part  of  the  country  to  another.  If  aircraft  can  be  developed  which  are  compatible 
with  autogas,  they  are  likely  to  be  more  complex  ana  expensive  than  current  models. 


DETAILED  CONCLUSIONS 


1.  There  is  only  one  grade  of  avgas  that  can  be  replaced  by  autogas  because  of 
antiknock  quality,  that  is  grade  80/87*  Regular,  premium,  and  lead-free  automotive 
gasolines  all  appear  to  have  sufficient  Motor  octane  quality.  The  lack  of  a  gen¬ 
eral  correlation  between  the  Aviation  Supercharge  and  Automotive  Research  octane 
numbers  precludes  any  decision  with  respect  to  this  rating.  Although  some  evidence 
exist  which  suggests  that  the  autogas  Rich  rating  is  adequate  for  grade  30/87. 

2.  Use  of  autogas  with  its  higher  aromatic  content  and  higher  volume  of  low  boiling 
point  constituents  is  expected  to  increase  combustion  chamber  deposits  which  in  turn 
can  aggrevate  knock- induced  preignition.  Moreover  it  is  knewn  that  some  aromatic 
compounds  tend  to  preignite  easily.  Some  engines  are  likely  to  have  greater  pre¬ 
ignition  problems  depending  on  cylinder  cooling.  The  heating  value  specification 
for  avgas  effectively  limits  aromatic  content  to  about  25$. 

3-  Vapor  lock  is  known  to  be  a  problem  occasionally  even  with  avgas  which  has  a 
maximum  Reid  vapor  pressure  of  7  lbf/in.^  With  autogas,  the  maximum  Reid  pressure 
can  approach  16  lbf/in.^,  and  this  increases  the  likelihood  of  vapor  lock  consider¬ 
ably.  This  problem  is  greater  for  a  low  wing  aircraft  and  might  b'e  ameloriated  by 
a  suitable  intank  fuel  pump.  Vapor  lock  is  probably  the  most  important  safety- 
related  problem  needing  solution  before  autogas  can  replace  avgas. 

4.  Carburetor  icing  appears  to  pose  a  somewhat  greater  problem  with  autogas  than 
with  avgas.  Some  improvements  in  icing  can  be  realized  by  the  addition  of  antiicing 
compounds  to  those  fuels  not  already  containing  them. 
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f).  Although  specific  data  are  not  available  for  aircraft,  a  consideration  of  the 
automotive  literature  indicates  that  the  higher  front  end  volatility  of  autcgas  can 
be  expected  to  ease  starting  and  warm  up  in  cold  weather  operation. 

6.  Hot  restart  on  the  ground  may  be  expected  to  be  more  difficult  with  aatogas  be¬ 
cause  of  increased  deposit  ignition  and  vapor  lock.  Significant  differences  are 
expected  at  altitude  also  when  vapor  lock  is  present. 

7-  A  search  of  the  literature  reveals  that  gasolines  with  high  boiling  point  con¬ 
stituents  (autogas)  create  greater  problems  of  valve  sticking  and  valve  guide  de¬ 
posits.  These  arise  from  contamination  of  the  lubricant  and/or  deposits  of  un¬ 
burned  fuel  components  on  the  valve  stems  and  guides  themselves,  tore  sludge  and 
varnish  are  expected  in  the  crankcase  with  autogas.  This  results  from  high  blowby 
rates  in  aircraft  engines  and  relatively  low  detergency  in  the  oil. 

8.  The  greater  aromatic  and  olefinic  content  of  automotive  gasolines  is  known  to 
adversely  affect  the  performance  and  durability  of  polymeric  and  rubber  fuel  system 
materials.  Problems  arise  when  critical  dimensions  ate  exceeded  and  parts  stick, 
or  when  physical  properties  are  deteriorated. 

9-  The  greater  sulfur  level  and  higher  levels  of  halogen  scavengers  in  autogas  can 
be  expected  to  increase  acid  corrosion  of  th_  engine,  a  long-term  durability  prob¬ 
lem. 


10.  There  is  no  data  to  indicate  the  severity  of  valve  seat  recession  problems  in 
aircraft  engines  when  lead-free  autogas  is  used. 

11.  Maldistribution  may  be  expected  to  be  worse  with  autogas  due  to  its  greater 
boiling  range.  This  can  lead  to  engine  roughness,  knock  and  removal  of  lubri¬ 
cating  oil  from  cylinder  surfaces  under  low  temperature  operation.  There  is  no  inii 
cation  of  a  safety  problem  from  this  source, 

12.  Spark  plug  fouling  is  expected  to  be  increased  with  leaded  automotive  fuels 
because  of  their  greater  volume  of  high  boiling  point  constituents  and  higher  lea! 
levels.  With  lead-free  gasoline  spark  plug  fouling  will  be  reduced  compared  to 
some  aviation  gasoline  due  to  the  absence  of  lead  compounds. 

13.  For  equal  storage  time  and  temperature,  storage  stability  is  worse  with  autogas 
This  car.  contribute  to  increase!  gum  with  subsequent  intake  valve  sticking  and  car¬ 
buretor  orifice  plugging.  Avgas  is  provided  with  a  relatively  high  dosage  of  anti¬ 
oxidant  to  delay  gum  formation.  On  the  other  hand,  use  of  fresh  autogas  will  pose 
no  gum  problems  and  to  the  extent  that  fuel  storage  times  are  reduced  because  of  a 
high  turnover  of  autogas,  perhaps  gum  problems  would  be  reduced  in  practice. 

Ik.  Fuel  safety  in  regard  to  toxicity  and  explosion  hazard  is  about  the  same  for 
all  these  gasolines. 
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EXISTENCE  OF  GASOLINE  SPECIFICATIONS  IN  THE  UNITED  STATES 


Gasoline  specifications  define  various  characteristics  of  gasolines  necessary  for 
proper  engine  performance.  For  example,  the  octane  rating,  Reid  vapor  pressure 
and  sulfur  content  are  commonly  specified  properties.  These  specifications  con¬ 
stitute  a  description  of  the  gasoline.  A  list  of  such  specifications  for  autogas 
and  for  avgas  appear  in  Table  1. 

The  specifications  in  Table  i  are  the  1979  voluntary  standards  of  the  American  So¬ 
ciety  for  Testing  and  Materials  (ASTM)  for  autogas  and  avgas  (2).  Also,  the  United 
States  federal  government  maintains  military  gasoline  specifications. 

Table  2  summarizes  the  extent  to  which  different  states  apply  the  ASTM  standards  for 
autogas.  From  Table  2  it  is  seen  that  3 6  states  have  agencies  which  regulate  auto¬ 
gas  quality  for  their  state.  These  state  agencies  vary  from  the  Department  of  Agri¬ 
culture  and  Industries  in  the  state  of  Alabama,  to  the  Department  of  Labor  and  Em¬ 
ployment,  Division  of  Labor  in  the  state  of  Colorado,  to  the  Department  of  Adminis¬ 
tration,  Weights  and  Measures  Division  in  the  State  of  Arizona. 

According  to  "Key  Reprints"  from  the  Avco  Lycoming  Flyer  (3),  only  six  states  re¬ 
quire  that  ASTM  or  Federal  Government  specifications  are  to  be  met  for  autogas 
marketing  in  those  states.  Of  the  other  states  requiring  seme  specifications,  dif¬ 
ferent  states  regulate  various  properties  of  the  gasoline.  Some  states  have  no 
regulations,  others  may  regulate  only  one  or  two  properties  of  autogas.  Inspection 
of  Table  2  reveals  this  lack  of  continuity  of  autogas  specifications  through¬ 

out  the  U.  S.  These  state  laws  regarding  autogas  are  mostly  in  the  form  of  Inspec¬ 
tion  Laws,  although  some  are  from  state  air  laws.  Also,  nine  states  have  a  defini¬ 
tion  for  aviation  gasoline.  These  are  also  found  under  state  inspection  laws  or  air 
laws  (4),  and  are  noted  in  Table  3> 

Other  agencies  exi^t  which  more  indirectly  regulate  gasoline.  The  Environmental 
Protection  Agency,  for  example,  regulates  additives  to  automotive  gasolines  and  re¬ 
quires  vehicle  labels  "unleaded  gasoline  only"  (5)-  The  Federal  Aviation  Adminis¬ 
tration  specifies  which  fuel  may  be  used  in  each  aircraft  (according  to  the  manu¬ 
facture's  specification)  (5).  In  addition  to  these  agencies,  the  Federal  Trade 
Commission  specifies  how  fuel  dispensers  for  automotive  gasoline  display  the  fuel's 
octane  number  (5). 

The  variation  of  regulations  (or  lack  of  regulations)  from  state  to  state  as  noted 
above  appears  t.o  allow  a  potential  for  variation  of  gasoline  properties.  But,  the 
autogas  business  today  is  highly  competitive,  and  therefore  one  goal  of  the  gasoline 
refiner  is  customer  satisfaction.  This  requirement  of  customer  satisfaction  greatly 
controls  what  the  gasoline's  performance  will  be.  Since  today's  automotive  engine 
is  developed  on  current  gasoline,  only  typical  gasolines  will  operate  well  in  these 
vehicles,  which  establishes  constraints  on  the  range  of  autogas  properties  in  order 
to  achieve  this  customer  satisfaction.  Gasolines  therefore  are  known  according  to 


TABLE  1.  AVGAS  AND  AUTOGAS  SPECIFICATIONS  (ASTM  TESTS  D  910  AND  D  439 


tABLE  1.  AVGAS  .UD  AUTOGAS  SPECIFICATIONS  (ASTM  TESTS  D  910  AND 
D  439,  REF.  2)  (Continued) 


Footnotes  for  autogas  specifications  ASTM  D-  439 

4  At  760  mm  Hg  pressure  (101. 3  kPa).  , 

•  The  wumlioMl  Edition  of  kid  compound*  U  not  permitted.  Current  ER  A  promulgations  call  foe  0.05  g  of  kad  p« 
..lion  (0.013  g/litre)  maximum  and  0  005  *  of  phosphorus  per  gallon  (0.0013  g/litre)  maximum.  efftctive  i-jly  I.  1974. 
,-SeeTabk3. 


Footnotes  for  avgas  specifications  ASTM  D  910 


4  Requirement*  contained  herein  ire  ibtolute  and  are  not  subject  to  correction  for  tolerance  of  the  leu  methods.  If  multiple 
determinations  are  made,  average  results  shall  be  used. 

*Thc  test  methods  indicated  in  this  table  are  referred  to  in  Section  9. 

rThe  values  shown  in  Table  I  represent  Aviation  Method  Ratings.  Motor  octane  ratings  obtained  hy  ASTM  Method 
O  2700  should  be  converted  to  aviation  ratings  by  Conversion  Table  2.  If  mutually  agreed  between  the  purchase,  and  the 
seller.  Method  D  614  may  be  used  to  obtain  aviation  ratings  directly. 

"  These  colon  have  been  approved  by  the  Medical  Director  Chief.  Division  of  Occupational  Health.  U.S.  Department  of 
Health.  Education  and  Welfare. 

1  If  mutually  agreed  upon  between  the  purchaser  and  the  supplier.  Grade  80  may  he  required  to  he  free  from  tetraethyllead. 
In  such  a  case,  the  fuel  shall  not  contain  any  dve  and  the  color  as  determined  in  accordance  with  ASTM  Method  D  156.  Test 
for  Saybolt  Color  of  Petroleum  Products  (Saybolt  Chromometer  Method)’  shall  not  be  darker  than  +20. 

4  The  only  blue  dye  which  shall  be  present  in  the  finished  gasoline  shall  be  essentially  M-dialkylimino-anthraquinnne. 

"The  only  yellow  dye  which  shall  be  present  in  the  finished  gasoline  shall  be  essentialry-p  dielhylaminoa/obenzenc  (Color 
IndeaNo.  JI020). 

"  The  only  red  dye  which  shall  be  present  in  the  finished  gasoline  shall  be  essentially  methyl  derivatives  of  azoben/cnc-4- 
azo-2-naphthol  (methyl  derivatives  of  Color  Index  No.  26105). 

'The  tetraethyllead  shall  be  added  in  the  form  of  an  antiknock  mixture  containing  not  levs  than  61  weight  percent  ol 
tetraethyllead  and  sufficient  ethylene  dibromide  to  provide  two  bromine  a'oms  per  atom  of  lead.  The  balance  shall  contain 
no  added  ingredients  other  than  kcrosinc.  ar.d  an  approved  inhibitor,  and  blue  dye.  as  specified,  herein. 

J  Use  the  value  calculated  from  Table  I  in  ASTM  Method  D  1405.  for  Estimation  of  Net  Heat  of  Combustion  of  Aviation 
Fuels.’  ASTM  Method  D  2382,  Tell  for  Heat  of  Combustion  of  Hydrocarbon  Fuels  by  Bomb  Calorimeter  (High-Precision 
Method)’  may  be  used  as  an  alternative  method.  In  case  of  dispute.  Method  D  2382  must  be  used.  In  this  latter  case,  the 
minimum  values  for  the  net  heat  of  combustion  in  Blu’s  per  pound  shall  be  18,700  for  Grades  80.  100.  and  100LL 

•  Note  that  the  temperature  conversion  for  the  sum  is  Ci  +  Ci  -  |(F,  -  32  +  F,  -  32). 

*  If  mutually  agreed  upon  bet  seen  the  purchaser  and  the  supplier,  aviation  gasoline  may  be  required  to  meet  at  16-h  aging 
gum  lest  (ASTM  Method  D  873,  Test  for  Oxidation  Stability  of  Aviation  Fuels  (Potential  Residue  Method)’)  instcaf  «  the 
5-h  aging  gum  lest.  In  such  a  case,  the  gum  content  shall  not  exceed  10  mg  per  100  ml  and  the  visible  lead  precipitate  snail 
not  exceed  4  mg  per  100  ml.  In  suck  fuel  the  permissible  antioxidants  shall  not  exceed  8.4  lb  per  1000  bbl  (42  gal). 

’The  visibk  lead  precipitate  requirement  applies  only  to  kaded  fuels.  ‘ 

”  I’cimivvihlc  antioxidants  are  as  follows: 

N-N’-diisopropyl-para-phenylenediamine 

N.W'-di.secondary.butyl-pira.phenyknediamine 

2.4-dimethy|.6.tertiary.butylphenol 

2.6- diiertiary  butyM-methylphenol 

2.6- ditertiary  butylphenol 

Mixed  tertiary  bulylphcnnls.  composition: 

75  percent  2.6-dilcniary  butylphenol 

It)  to  15  percent  2.4.6-tritertiary  butylphenol 

III  in  15  percent  (••tertiary  hutylphenol 

72  percent  min  2.4-dimelhy|.6.|erliiry  butylphenol.  and  28  percent  max  monomethyl  and  di¬ 
methyl  tertiary  butylphenol*. 

Thc'C  inhibitors  may  be  added  to  the  gasoline  separately  or  in  combination,  in  total  concentration  not  to  exceed  4.2  lb  of 
inhibitor  (not  including  weight  of  solvent)  per  1000  bbl  (42  gal). 

'  Listing  of  and  requirements  for  Grades  91-98.  108-135.  and  115-145  appear  in  the  1967  venion  of  this  specification. 

"A  minimum  performance  number  of  130  is  equivalent  to  a  knock  value  determined  using  isooctane  plus  1.28  mITEL/gil 
(1)33  ml  Tf'.L/lilrc). 

>'  All  performance  numbers  shall  be  reported  to  the  nearest  whole  number. 


CO 

H 

Eh 

« 

W 

ft 

O 

ft 

ft 


CO 

g 

g 

ft 

<C 


5 

§ 


a 

o 


H 


ol 


x  x 


X  XXX 


X  XX 


mi  x  x 


xx  x  x 


X  XX 


^1 


X  X 


a) 

•H 

A 


Cl 


o5 

al 

O 

(1) 

c 

c 

aJ 

O 

P 

•H 

al 

05 

TJ 

♦H 

al 

•H 

•rH 

H 

-P 

•H 

g 

r*H 

-p 

c 

x: 

!>! 

o 

o 

o 

a 

05 

o 

o 

c 

•H 

o 

CO 

P 

O 

p 

.x 

01 

H 

p 

.X 

P 

o 

bO 

g 

al 

ft 

w 

•H 

.X 

o5 

al 

01 

> 

CO 

al 

cl 

a5 

al 

•P 

p 

•H 

•p 

•X 

X 

ft 

o 

« 

p 

H 

H 

o 

« 

w 

-P  -rH 

hft 

•H 

10 

bO 

o 

co 

<3 

Cu 

p 

p 

O 

o 

c 

Pc 

w 

g  c 

G 

> 

c 

G 

•H 

al 

nd 

a 

£ 

xs 

x: 

x: 

o 

CO 

P 

x: 

XJ 

05 

co 

O  T-J 

•H 

o 

•ri 

p 

p 

+3 

+> 

0 

cu 

W) 

c 

T5 

+3 

•p 

c 

05 

X! 

S  'JO  XJ 

■p 

o 

fi 

+> 

m 

> 

pc 

pc 

£ 

p 

p 

•H 

H 

a) 

a 

o 

G 

3 

c 

X 

01 

p  p 

CO 

CO 

CO 

o 

CO 

a) 

a> 

a) 

0) 

s 

0) 

o 

o. 

x: 

.x 

p 

a) 

X! 

o 

o 

oi 

p 

-P 

a)  -h 

al 

p 

•H 

>> 

•H 

a 

a 

a 

53 

a 

a 

a 

a 

o 

o 

o 

ft 

ft 

CO 

CO 

H 

EH 

D 

>  > 

a 

a 

a 

a 

o 

•  • 

t-  00 

o\ 

O 

rH 

cvl 

IA  -if 

IA  VO 

•  • 

CO 

o\  o 

• 

H 

CM* 

(A  -if 

IA  VO 

•  • 

C-  00 

ov 

d 

H 

0J 

CM 

CM 

IA 

IA 

tA 

(A  (A 

fA 

IA 

IA  IA  tA  J- 

-s- 

-rf 

-=f 

-if 

Pl-  Pf 

pf 

Pf 

Pf 

IA 

IA 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

a 

CO 

•p 

CO 

-p 

• 

•p 

•P 

m 

05 

d 

<15 

Pi 

EH 

•H 

O 

cti 

CO 

05 

Pi 

<; 

CO 

g 

O 

•H 

ai 

CO 

S3 

T5 

d 

G 

p> 

•H 

■H 

S 

05 

ol 

ctf 

p 

•p 

p 

nJ 

0) 

•H 

cri 

id 

05 

G 

x: 

cfl 

O 

CO 

ft 

trt 

CO 

e 

o5 

c 

CO 

o 

05 

O 

05 

•H 

•H 

o 

C 

CO 

Cl 

•H 

05 

o 

bu 

CO 

CO 

3 

c 

05 

o 

c 

ft 

p 

m 

55 

•H 

W) 

•H 

o 

c 

«5 

a) 

CO 

01 

H 

05 

•H 

01 

•H 

o 

c3 

x> 

CO 

0J 

01 

•ri 

o 

c 

a5 

p 

p 

05 

JG 

•H 

•H 

aJ 

CO 

-P 

•H 

G 

>> 

CO 

x: 

G 

CO 

CO 

■P 

• 

05 

as 

•H 

•X 

i — 1 

H 

c 

H 

o 

o 

05 

H 

T5 

s 

G 

a 

d 

•H 

p 

CO 

o 

G 

CO 

CO 

G 

CM 

W 

H 

< 

H 

c 

p 

<n 

p 

<>5 

05 

O 

o 

a 

o 

o 

01 

« 

H 

s 

S 

S 

H 

H 

c 

H 

g 

01 

a 

o 

•H 

S 

1 

•H 

•H 

o 

S 

m 

m 

• 

HI 

CM 

(A  Ph 

IA  VO 

d-  CO 

ON 

o 

i — 1 

CM 

IA  Pf 

IA 

VO 

•  • 

C—  CO 

• 

ON 

o 

H 

CM 

IA  Pf 

IA  VO 

3 

r — 1 

H 

H 

rH 

H 

H 

H 

H 

r-i 

H 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

bO 

G 

r-i 

w 

G 

O 

G 

r-i 

o 

«h 

•H 

■ri 

O 

a 

O 

p 

p 

•P 

■ri 

x: 

bO 

ft 

o 

o 

as 

W 

p 

bO 

• 

■p 

w 

i — t 

o 

•  • 

o 

p 

o 

G 

CO 

<*H 

G 

p 

H 

•ri 

a\ 

p 

d 

■|H 

•rH 

o 

•H 

ON 

> 

• 

O 

Oh 

IA 

p 

<0 

■p 

P 

05 

o 

P 

IA 

■ri 

•p 

/ — s 

Oh 

■ri 

pf 

o 

CO 

al 

•rl 

P< 

•rH 

-if 

ft 

G 

V 

o 

01 

P 

d 

CO 

X 

d 

P 

01 

0) 

« 

p 

cf 

■H 

cf 

a 

O 

s 

• 

x: 

P 1 

g 

Pl  +> 

ft 

P 

G 

p 

ON 

M 

p 

■P 

• 

P 

<w 

•p 

P 

S 

3 

■H 

G 

•rl 

O 

P 

rA 

p 

SI 

p 

P 

05 

Eh 

bO 

P 

01 

p 

d 

•H 

pf 

•P 

EH 

P 

> 

•ri 

K 

bO 

P 

C/3 

•P 

•E 

o 

cf 

•P 

p 

tn 

p 

W 

a 

o 

d 

G 

O 

< 

+5 

w 

G 

ft 

•ri 

05 

■P 

P 

al 

• 

•P 

<5 

o 

X) 

cf 

6 

•H 

•o 

G 

O 

rl 

H 

05 

P 

P 

as 

as 

p 

o 

P 

as 

Oh 

05 

Si 

ai 

p 

o 

£ 

i — 1 

■P 

S 

r-i 

> 

■p 

P 

s 

P 

u 

01 

S 

O 

G 

d 

+3 

p 

P 

•H 

w 

8H 

o 

w 

e 

o 

p 

p 

05 

<H 

W 

a  p 

O 

-P 

CO 

■P 

A 

O 

p 

x: 

o 

■H 

■P 

w 

•P 

H 

•ri 

Pl 

05 

•H 

ft 

CO 

•a; 

< 

as 

as 

< 

w 

ft 

-p 

a 

cd 

M 

X3 

as 

O 

d 

X 

o 

05 

ai 

•H 

•  • 

■p 

G 

bO 

01 

O 

w 

w 

u 

05 

> 

>5 

i 

i 

i 

05 

O 

P 

p 

m 

O 

CJ 

05 

d 

a 

< 

o 

TABLE  3. 

State 

1.  Colorado 

2.  Connecticut 
3*  Hawaii 

4.  Minnesota 

5.  Nevada 

6.  North  Dakota 

7.  Oklahoma 

8.  South  Dakota 

9.  Wyoming 


STATES  WHICH  DEFINE  AVGAS  PROPERTIES 
(Data  from  Ref.  4) 

Avgas  Definition 

ASTM  specifications  and  definitions 

Must  be  of  United  States  Standard 

.  Any  product  conforming  to  the  standards  of 
ASTM  D  910  (1970) 

Defines  avgas  with  a  very  loose  specification, 
which  could  include  most  autogas 

Set  by  State  Sealer  of  Weights  and  Measures, 
may  be  the  same  as  ASTM  D  910 

Specifications  on  sulfur,  Reid  vapor  pres¬ 
sure,  cooper  strip  corrosion,  potential  gum, 
freezing  point,  octane,  and  distillation 

Specifications  on  distillation,  Reid  vapor 
pressure,  octane,  color,  lead,  and  gum 

Specifications  on  distillation,  Reid  vapor 
pressure,  copper  strip  corrosion,  and  sulfur 


Federal  specifications  and  definitions 


their  performance  in  tests  rather  than  by  their  actual  composition.  Performance 
specifications  are  a  successful  and  practical  method  for  controlling  the  performance 
of  the  product  in  the  vehicle,  while  still  allowing  some  variability  of  the  composi¬ 
tion  of  the  product.  Some  of  thest  most  significant  performance  specifications  are 
now  considered  in  more  detail  in  the  following  sections. 


PERFORMANCE  REQUIREMENT  SPECIFICATIONS 


OCTANE  RATING. 


Octane  rating  is  a  measure  of  a  fuel's  antiknock  quality,  that  is,  its  ability  to 
resist  autoignition  and  preignition.  These  cause  loss  of  power  and  efficiency,  and 
can  lerd  to  the  damage  of  engine  parts.  For  these  reasons,  specifications  exist  for 
controlling  the  octane  ratings  of  both  autogas  and  avgas. 

Regarding  avgas.  Grade  100  for  example,  is  often  expressed  as  100/130  in  which  the 
first  number  is  termed  the  Lean  Aviation  Rating  and  the  second  number  is  termed  the 
Rich  Rating  Performance  Number.  This  Rich  rating  is  determined  according  to  ASTM 
Test  D  909  (2),  which  establishes  the  knock-limited  power  achieved  for  the  given 
fuel  under  supercharged  conditions.  The  Rich  rating  below  100  is  the  Supercharge 
octane  number  equal  to  the  percent  volume  of  isooctane  in  a  blend  of  n-heptane 
which  matches  the  knock  intensity  of  the  sample  fuel.  The  Rich  rating  above  100  is 
given  as  mg/gal  of  tetraethyllead  in  isooctane,  and  is  expressed  as  a  performance 
number.  Correlations  are  found  in  Table  1  of  ASTM  Test  D  909  where,  for  example, 
the  performance  number  for  1.28  ml/gal  of  tetramethyllead  in  isooctane  is  found  to 
be  equal  to  130. 

The  Lean  Aviation  Rating  is  found  according  to  ASTM  Test  D  2700.  (2),  which  determines 
the  knocking  tendency  of  a  fuel  under  standard  operating  conditions  which  are  common 
to  both  automotive  and  aviation  gasolines.  This  test  yields  the  Motor  octane  rating, 
which  below  100  is  expressed  at  the  percent  volume  of  isooctane  in  a  blend  of  n- 
heptane  which  matches  the  knock  intensity  of  the  sample  fuel.  For  avgas,  a  Motor 
octane  number  above  100  is  given  as  a  performance  number,  and  then  converted  into 
the  Aviation  Rating.  Conversions  for  this  expression  are  found  in  tables  in  the 
ASTM  Tests  D  909  and  D  910  (2).  Conversion  equations  for  gasolines  are  as  follows: 
(where  "P. N. "  is  "performance  number"  and  "O.N. "  is  "octane  number"). 

For  Motor  P.N.  less  than  93  (i.e.,  less  than  97-89  Motor  O.N.): 

Aviation  P.N.  =  (I.08)  (Motor  P.N.)  -  3-6  (l) 

For  Motor  P.N.  greater  than  93 : 

Aviation  P.N.  =  12.07  +  (O.89)  (Motor  P.N.)  (2) 
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For  octane  numbers  below  100: 

P.N.  =  2800/{ 128-0. N.)  (3) 

For  octane  numbers  above  100: 

P.N.  =  100  +  (3)  (0.N.-100)  (4) 

For  automotive  gasolines,  the  antiknock  index  is  defined  as  the  average  of  the  Re¬ 
search  method  octane  number  and  the  Motor  method  octane  number.  The  Motor  method 
test  is  considered  to  be  more  severe  than  the  Research  method  test  due  to  the  higher 
speeds  and  inlet  temperature  of  the  Motor  method.  Similar  to  avgas,  the  Motor  oc¬ 
tane  number  of  autogas  below  100  is  the  percent  volume  of  isooctane  in  a  blend  of 
n-heptane  which  matches  the  knock  intensity  of  the  sample  fuel.  But,  the  Motor  oc¬ 
tane  number  above  100  is  given  as  ml /gal  of  tetraethyllead  in  isooctane  which 
matches  the  known  intensity  of  the  sample  fuel. 

The  Research  octane  number  for  autogas  is  determined  by  the  ASTM  Test  D  2699  (2). 

The  values  of  this  Research  method  octane  number,  above  and  below  100,  are  ex¬ 
pressed  in  the  same  terms  as  those  values  of  the  autogas  Motor  method  octane  num¬ 
bers,  respectively. 

In  comparing  avgas  and  autogas  on  the  basis  of  octane  ratings,  no  direct  comparison 
can  be  made  between  the  two  fuels  when  considering  the  avgas  Rich  rating  octane 
number  versus  the  autogas  Research  method  octane  number.  Not  only  are  the  tests 
run  at  different  engine  conditions,  but  the  avgas  test  is  run  with  rich  mixtures, 
whereas  the  autogas  test  is  run  lean.  As  a  result,  the  different  hydrocarbon 
classes  may  be  expected  to  rate  differently  on  the  two  tests,  especially  for  fuel 
of  high  aromatic  content. 

In  analyzing  this  same  subject,  an  Avco  Lycoming  report  (6)  of  some  gasoline  in¬ 
spection  results  showed  the  Aviation  Motor  octane  numbers  and  the  Rich  rating  oc¬ 
tane  numbers  of  five  various  autogas  samples.  The  resulting  ratings  varied  greatly 
between  the  gasolines.  For  example,  the  lowest  rated  sample  had  an  Aviation  Motor 
octane  number  of  84.0  and  a  Rich  rating  octane  number  of  90. 9«  In  c  ntrast,  the 
highest  rated  sample  had  an  Aviation  Motor  octane  number  of  94.7  and  a  Rich  rating 
octane  number  of  126.4.  Therefore,  *11  of  these  samples  satisfied  the  octane  re¬ 
quirements  of  grade  80/8?  avgas.  Howev^'  w  ..re  considerably  below  the  re¬ 
quirements  of  the  higher  grades  of  avgas. 

A  1976  Exxon  letter  of  C.  T.  Stone  (7)  *oates  that  tested  samples  of  their  unleaded 
autogas  indicated  a  Riel,  cetane  number  of  88  to  89,  which  also  meets  the  require¬ 
ment  of  80/87  avgas  octane  ratings.  This  letter  further  emphasized  though  that  in 
the  future,  samples  may  not  meet  this  requirement  since  no  control  of  this  charac¬ 
teristic  is  exercised  on  autogas. 

The  situation  therefore  still  remains  that  no  comparison  can  be  made  betwen  autogas 
and  avgas  when  considering  the  Rich  rating  octane  number.  In  reviewing  the  limited 
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data  available  an  obvious  need  appears  for  a  general  correlation  to  be  made  for 
fuels  of  various  hydrocarbon  classes  in  order  to  assure  that  autogas  possesses  suf¬ 
ficient  octane  quality  to  satisfy  the  rich  rating  for  grade  80/87  avgas. 

In  considering  the  avgas  Lean  rating  octane  number,  this  rating  is  very  close  to  the 
Motor  method  octane  rating  of  auto  ,.*s ,  and  has  been  correlated  with  it  formally  ac¬ 
cording  to  equations  (l)  -(4).  :roical  values  are: 

80  Aviation  number  =  ‘  0  fivv  otane  number 
100  Aviation  number  =  99*7  !~oor  octane  number 

DISTILLATION. 

Distillation  is  a  measure  of  the  i  .Give  volatility  of  fuels.  The  lower  the  tem¬ 
perature  is  for  a  given  percent  evaporation,  the  greater  the  volatility  is  at  that 
point.  The  standard  ASTM  test  for  this  distillation  is  D  86  (2).  Considering  now 
a  distillation  curve,  the  lv,,  evaporation  region  or  "front  end"  is  considered  to 
represent  the  relative  starting  quality  of  the  gasoline.  The  lower  the  front  end 
temperature,  the  easier  the  starting.  The  ASTM  specifications  contain  five  vola¬ 
tility  classes  (A  through  E)  for  automotive  gasoline,  of  which  class  E  is  the  best 
for  cold  weather  starting.  The  starting  characteristics  of  the  different  classes 
get  progressively  poorer  from  E  through  A.  The  front  end  distillation  temperature 
is  also  an  indicator  of  the  relative  vapor  lock  tendency  of  the  fuel,  although  the 
Reid  vapor  pressure  and  the  vapor/liquid- ratio  are  cons: :ered  to  better  vapor 
lock  indicators  than  this  10$  point  region.  Also, the  front  end  temperature  indi¬ 
cates  relative  evaporation  tendencies  of  fuels,  whore  again  the  lower  temperature 
of  the  10$  point  vou';  .  imply  greatet  evaporation  losses. 

In  regards  to  higher  percent  evaporation  points,  the  4o$-70$  evaporation  range  is 
considered  indicative  of  the  engine  warm-up  characteristics  resulting  from  the  fuel 
in  question. 

Considering  now  the  90$  evaporation  region  or  "back  end,"  a  low  back  end  distilla¬ 
tion  temperature  may  possibly  result  in  increased  deposits  and  poor  fuel  distribu¬ 
tion.  This  relative  potential  for  increased  deposits  refers  to  cylinder  deposits 
and  spark  plug  fouling.  The  back  end  also  gives  a  relative  indication  of  the  oil 
dilution  and  smoky  combustion  tendency  of  the  fuel.  This  characteristic  is  due  to 
the  fact  that  some  high  temperature  boiling  components  in  the  gasoline  may  reach  the 
cylinders  in  liquid  form  if  the  fuel  volatility  is  too  low.  This  phenomenon  could 
cause  cylinder  wall  washing  and  oil  dilution  if  liquid  fuel  flows  past  the  rings. 

Within  the  petroleum  industry,  the  sum  of  the  (10$  temp.)  +  (50$  temp.)  +  (90$ 
temp.)/5  is  often  used  informally  as  an  index  of  the  relative  carburetor  icing 
tendency  of  a  fuel.  In  automotive  applications  a  carburetor  icing  problem  may 
arise  if  this  sum  is  less  than  590°F. 
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These  above  points  regarding  the  distillation  curve  values  of  a  fuel  demonstrate 
the  importance  of  distillation  temperature  values  relating  to  engine  performance 
characteristics.  Some  of  these  performance  characteristics  pertain  to  serious 
safety  problems  and  therefore  specifications  governing  these  fuel  properties  are 
important  to  know.  Figure  1  portrays  the  relationship  between  automotive  engine 
performance  and  the  ASTM  curve.  No  comparable  correlation  has  been  made  for  air¬ 
craft  engines,  although  the  outcome  may  be  expected  to  be  similar. 

Specifications  for  the  distillation  properties  of  autogas  and  avgas  are  listed  in 
Table  1.  The  maximum  distillation  specifications  are  also  plotted  in  Figure  2. 
Inspection  of  this  figure  shows  a  lower  10$  evaporation  point  temperature  specified 
fo*  autogas  than  for  avgas,  especially  that  of  autogas  volatility  class  E.  This 
figure  also  shows  the  mu  .h  higher  back  end  of  the  disl illation  curve  specified 
for  autogas  than  that  of  avgas. 

With  the  distillation  curve  characteristics,  some  of  which  are  mentioned  above,  one 
can  clearly  see  how  avgas  is  specified  such  that  it  should  have,  for  example,  less 
deposit-forming  potential,  less  carburetor  icing  tendencies,  and  less  relative 
vapor  lock  tendencies  than  autogas.  This  figure  also  shows  a  characteristic  of 
much  easier  starting  of  autogas  volatility  class  E  than  that  of  avgas. 

VOLATILITY. 

The  volatility  of  a  fuel  is  its  tendency  to  evaporate  or  to  change  from  a  liquid  to 
a  gaseous  state.  The  ASTM  distillation  curve  is  one  measure  of  the  relative  vola¬ 
tility  of  fuels,  field  vapor  pressure  is  a  front  end  volatility  indicator.  It  is 
measured  at  100°F  (37-8°C,  and  is  essentially  equal  to  the  vapor  pressure.  Com¬ 
pared  to  ASTM  distillation,  the  Reid  vapor  pressure  and  the  vapor/liquid  ratio  are 
more  specific  measures  of  the  front  end  volatility  and  the  vape.  lock  tendency  of  a 
fuel.  This  characteristic  of  the  fuel  is  very  important  for  aircraft  applications. 
Reid  vapor  pressure  is  also  a  good  measure  of  the  relative  evaporative  loss  car  • 
dency  of  a  fuel.  Given  two  gasolines  with  approximately  the  same  distillate 
curves,  but  different  Reid  vapor  pressures,  the  fuel  with  the  higher  vapor  p.  e'Sut- 
wILl  tend  to  develop  vapor  lock  more  readily. 

ASTM  specifications  require  a  maximum  Reid  vapor  pressure  of  7.0  psi  for  aviation 
gasoline,  and  a  range  from  9*0  to  15.0  psi  for  automotive  gasolines  (2),  which  is 
divided  into  the  five  volatility  classes.  Although  not  specified  in  ASTM  D  910  the 
minimum  Reid  vapor  pressure  for  aviation  gasolines  is  controlled  by  the  refinery 
not  to  be  less  than  5-5  psi  (Hi).  Both  avgas  and  autogas  volatility  are  season¬ 
ally  adjusted  with  the  highest  values  in  the  coldest  ambients.  It  may  be  noted 
that  this  mi.imum  R.V.P.  for  autogas  of  about  7  is  the  maximum  permitted  for  avgas. 
In  general,  considerable  variability  exists  as  Figure  6  indicates. 

The  vapor/liquid  ratio  of  a  gasoline  is  the  ratio,  at  atmospheric  pressure,  of  the 
volume  of  vapor  formed  to  the  volume  of  the  liquid  sample.  Gasolines  may  have 
identical  Reid  vapor  pressures,  but  yet  their  vapor  forming  characteristics  (V/L 
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MAXIMUM  ASTM  DISTILLATION  REQUIREMENTS  FOR  AVGAS  AND  AUTOGAS 


ratios)  may  bo  different  becauoe  one  fuel  may  have  a  lower  distillation  curve  than 
another.  A8TM  specifications  D  4j9  for  automotive  gasolines  do  hava  vapor/iiquid 
rat Jo  requirements,  whereas  the  A8TM  aviation  gasoline  specifications  do  not.  This 
i's  because  the  tight  specifications  on  avgas  make  a  vapoi/ liquid  ratio  apecification 
redundant..  It  is  well  to  note  that  automotive  systems  are  commonly  designed  to 
handle  V/L  ratios  up  to  20,  whereas  some  aircraft  develop  vapor  lock  problems  with 
V/L  ratios  slightly  greater  than  one. 

COMPOSITION. 

Gasolines  are  made  from  crude  oils  whose  properties  and  composition  may  vary  con¬ 
siderably.  Crudes  may  be  as  thin  and  colorless  as  water,  or  as  thick  and  black  as 
liquid  tar.  Crude  oil  is  a  mixture  of  thousands  of  hydrocarbons.  The  hydrocarbons 
are  classified  as  paraffins,  olefins,  naphthenes,  and  aromatics. 

High  octane  number  is  associated  with  small  and  compact  molecules,  aromatics  such 
as  toluene  and  xylenes  or  branched  paraffins  such  as  isooctane.  Paraffins  produce 
lea a  carbon  deposits  than  aromatics.  Paraffins  have  the  highest  heating  value  per 
unit  mass  due  to  high  percentage  of  hydrogen  in  the  molecule.  Paraffins  have  the 
leant  octane  number  sensitivity*  of  the  four  hydrocarbon  groups.  Olefins  have  a 
higher  sensitivity  and  a  lower  octane  rating  than  paraffins.  Autogas  often  con¬ 
tains  a  much  higher  quantity  of  olefins  than  avgas  which  makes  them  less  etable  in 
storage  than  avgas  (8).  Aromatics  have  a  relatively  high  sensitivity.  They  also 
have  high  self-ignition  temperatures  as  compared  to  straight  chain  hydrocarbons. 
Aromatics  tend  to  produce  smoke  when  burned,  and  are  major  contributors  to  combus¬ 
tion  chamber  deposits.  Aromatics  contain  much  less  energy  per  unit  weight  than 
paraffins,  and  therefore  the  amount  contained  in  aviation  gasoline  usually  does  not 
exceed  20%  by  volume  (8).  Inspection  of  Table  1  shows  that  avgas  has  a  Btu/lb 
heating  value  specification,  whereas  autogas  does  not.  This  heating  value  speci¬ 
fication  therefore  limits  the  aromatic  content  of  avgas  to  a  much  lower  value  than 
that  of  autogas  (4l,42). 

i 

Sulfur  is  found  in  gasoline  as  either  free  sulfur  or  hydrogen  sulfide.  In  the  com¬ 
bustion  process,  sulfur  will  also  unite  with  oxygen  to  form  sulfur  dioxide  and  some 
small  fraction  forms  sulfuric  acid  in  the  presence  of  combustion  generated  water. 
Thin  sulfuric  acid  corrodes  engine  parts  including  rings  and  oylinder  bores.  A.  por¬ 
tion  of  this  sulfur  is  known  to  combine  with  TEL  forming  lead  sulfates  which  re¬ 
ducers  the  antiknock  quality  of  the  mixture.  These  potential  problems  with  sulfur 
chow  why  a  sulfur  specification  is  important,  and  A8TM  specifications  are  much 
stricter  regarding  sulfur  content  for  avgas  than  for  autogas.  For  example,  as 
shown  in  Table  1,  A8TM  specification  D  910  for  avgas  allows  only  a  maximum  of  0.05% 
by  weight  of  sulfur,  whereas  ASTM  specification  D  4J9  for  autogas  allows  a  maximum 
of  0. 10%  and  0.15%  by  weight  of  sulfur  present  for  unleaded  and  leaded  autogaa, 
respectively,  even  though  the  national  average  autogae  is  about  0.0J%  (11).  8ulfur  In 

"Gensltivity  is  defined  as  the  difference  between  the  Research  octane  number  and 
the  Motor  octane  number. 
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fuels  is  also  controlled  through  federal,  state  and  local  regulations,  primarily 
for  air  pollution  considerations  (9).  Various  dyes  are  also  specified  to  be  added 
to  gasoline,  though  merely  for  visual  identification  purposes. 

In  considering  water  in  gasoline,  the  ASTM  test  D  1094  (2)  determines  the  presence 
of  water-miscible  components  in  aviation  gasoline  and  the  effect  of  these  components 
on  the  fuel-water  interface.  A  separate  water  phase  can  be  found  as  a  result  of  a 
temperature  decrease  when  enough  water  is  present  in  the  fuel.  In  some  cases,  water 
freezes  in  finely  dispersed  crystals  and  plugs  fuel  filters.  In  other  cases,  ice 
crystals  accumulate  and  plug  the  fuel  line.  When  water  is  found  in  the  fuel,  it 
is  often  the  result  of  condensation  which  arises  naturally  in  the  thermal  cycle. 

Some  of  this  water  may  find  its  way  to  the  fuel  pump  where,  in  the  presence  of  sul¬ 
fur  or  acidic  conditions,  it  can  attack  zinc  castings  or  coatings  of  the  fuel  sys¬ 
tem.  The  resulting  corrosion  may  form  a  deposit  which  could  interfere  with  the 
proper  operation  of  the  carburetor.  Water  reaction  is  therefore  important  in  the 
consideration  of  aviation  gasolines.  ASTM  has  a  water  reaction  regulation  for  avia¬ 
tion  gasolines,  but  not  for  automotive  gasolines.  In  light  aircraft  operation  it  is 
a  practice  to  drain  tank  bottoms  prior  to  use  of  the  aircraft  to  minimize  fuel  line 
freezing  problems.  In  cold  ambients  automotive  gasolines  commonly  contain  anti- 
icers  to  alleviate  this  problem. 

ADDITIVES. 

An  additive  is  a  chemical  compound  added  to  a  fuel  to  create  certain  desirable 
properties  of  that  fuel  or  eliminate  another  undesirable  property.  For  gasolines, 
any  compound  added  in  quantities  of  5$  or  less  is  termed  an  "additive."  Greater 
amounts  are  termed  blending  agents.  Many  additives  are  used  at  a  level  of  a  few 
parts  per  million  by  weight. 

Below  are  some  important  additives  (or  additive  groups)  typically  found  in  gasoline 
and  not  previously  discussed. 

-  Phosphorus  compounds — these  are  added  to  reduce  glowing  deposits  and 
spark  plug  fouling 

-  Tetraethyllead — this  is  added  to  increase  fuel  octane 

-  Scavengers — these  are  added  to  chemically  remove  the  otherwise  non¬ 
volatile  lead  products  from  the  combustion  chamber 

-  Antioxidants — these  are  added  to  reduce  gum  formation 

In  regard  to  additives  in  autogas,  the  Environmental  Protection  Agency  regulates  the 
maximum  amount  of  lead  and  phosphorus  (5)-  Also  required  is  that  all  fuels  and  fuel 
additives  must  be  registered  with  EPA.  The  reason  for  this  registration  is  for 
emission  control  and  for  the  protection  of  emission  control  devices  on  vehicles. 

ASTM  D  4p9  has  no  specifications  on  additives  in  autogas.  ASTM  D  910  specifica¬ 
tions  for  avgas  does  specify  a  maximum  amount  of  tetraethyllead  and  its  scavenger 
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ethylene  dibromide.  It  also  requires  identifying  dye  and  antioxidants.  A  list  of 
permissible  antioxidants  is  also  given.  A  more  detailed  analysis  of  additives 
fpllows  later  in  this  report. 

STABILITY. 

Stability  of  a  gasoline  is  its  ability  to  maintain  its  antiknock  properties  and  to 
resist  gum  formation. 

Cum,  peroxides,  and  insoluble  precipitates  may  form  when  the  unstable  hydrocarbons 
(for  example,  olefins)  oxidize  or  combine  with  each  other  by  a  type  of  polymeriza¬ 
tion,  forming  viscous  liquids  or  solids.  As  noted  in  the  composition  section, 
automotive  gasolines  contain  more  olefins  (8),  therefore  making  them  less  stable  in 
storage  than  avgas.  In  contrast  to  avgas,  autogas  is  not  expected  to  undergo  stor¬ 
age  much  beyond  six  months  unless  it  is  fortified  with  higher  levels  of  antioxi¬ 
dants  (39).  Autogas  stored  for  several  months  may  decrease  in  octane  rating  and 
form  gum  (3).  Avgas,  on  the  other  hand,  is  expected  to  be  stored  for  longer  pe¬ 
riods  and  is  appropriately  formulated. 

Testing  a  gasoline  for  actual  gum  content  at  the  refinery  is  required  for  autogas, 
according  to  ASTM  D  439-  Gums  form  with  time,  and  high  temperatures.  Copper- 
containing  materials  and  tetraethyllead  are  catalysts  for  gum  formation.  Avgas  may 
age  quite  a  while  in  the  field  before  being  used.  The  gum  present  at  the  time  of 
use  after  aging  is  thus  very  important.  ASTM  D  910  has  a  potential  gum,  not  ex¬ 
istent  gum,  specification  for  avgas,  as  can  be  seen  in  Table  1.  This  potential 
gum  test  not  only  measures  existing  gum,  but  measures  the  potential  of  the  fuel  to 
form  gum  in  the  future  also.  Recently  a  test  called  Oxidation  Stability  (ASTM 
D  525)  which  is  similar  to,  but  not  identical  to  the  potential  gum  test  of  avgas, 
was  added  to  ASTM  D  439  for  autogas.  Therefore  the  stability  specifications  for 
autogas  and  avgas  are  now  more  similar.  Given  just  a  small  tightening  of  these 
autogas  requirements,  both  fuels  would  be  almost  the  same  with  respect  to  stability 
specifications . 

DEPOSIT  CHARACTERISTICS. 

A  high  back  end  distillation  temperature  range  (10)  and  high  gum  content  indicate 
potential  combustion  chamber,  piston  ring  groove,  lower  crankcase,  and  valve  stem 
deposits.  Gum  deposited  on  intake  valve  stems  may  contribute  to  intake  valve 
sticking.  ASTM  specifications  for  avgas  require  relatively  low  temperatures  at 
the  back  end  of  the  distillation  curve.  The  previous  section  on  stability  pointed 
out  the  differences  in  gum  specifications  for  autogas  and  avgas . 

Deposits  are  also  related  to  the  aromatic  content  of  the  fuel.  A  higher  aromatic 
content  indicates  potentially  more  deposits.  A  low  heating  value  per  pound  of  fuel 
is  an  indication  of  higher  aromatic  content.  AST;-'.  L  910  has  a  specification  for 
the  heating  value  of  avgas,  but  not  for  autogas,  and  this  effectively  limits  aro¬ 
matic  contents,  as  was  discussed  previously. 
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Tetraethyllead ,  contributes  greatly  to  deposits  in  engines.  To  scavenge  out  the 
lead  .compounds,  avgas  typically  c-ntains  one  theory  of  ethylene  dirbomide,  -whereas 
autogas  contains  one  theory  of  ethylene  dichloride  and  1/2  theory  of  ethylene  di- 
bromide.  (A  theory  is  the  theoretical  amount  required  to  combine  with  the  lead 
additive. )  Ethylene  dibromide  is  more  effective  for  high  temperature  operation, 
whereas  ethylene  dichloride  is  better  at  lower  temperatures.  ASTM  specifies  two 
bromine  atoms  per  atom  of  lead  for  avgas,  but  no  specification  for  autogas. 


EXTENT  OF  SOME  RELEVANT  MANDATORY  REQUIREMENTS 


The  U.S.  Clean  Air  Act  requires  the  registration  of  all  fuels  and  fuel  additives 
and  concentrations  of  the  additives.  This  is  accomplished  through  the  Environmental 
Protection  Agency.  The  EPA  closely  regulates  the  lead  content  in  automotive  gaso¬ 
lines.  It  also  requires  that  each  retail  outlet  must  sell  at  least  one  grade  of 
unleaded  gasoline  of  not  less  than  91  research  octane  number,  and  it  provides  for  a 
decrease  in  this  octane  number  requirement  with  altitude.  The  EPA  also  regulates 
fuel  dispenser  nozzle  diameters  and  requires  two  "unleaded  gasoline  only"  labels  on 
each  vehicle  with  catalytic  converter  emission  control  devices  (5). 

The  Federal  Trade  Commission  has  procedures  for  determining,  certifying,  and  posting 
on  the  fuel  dispenser  the  octane  rating  of  automotive  gasoline  intended  for  sale  to 
consumers  (5). 

FAA  REQUIREMENTS. 

The  Federal  Aviation  Administration  has  requirements  (5)  for  the  certification  of 
aircraft  and  aircraft  engines.  For  engine  certification,  the  applicant  must  desig¬ 
nate  the  fuel,  lubricant  and  hydraulic  fluid  that  may  be  used  in  the  engine.  It  is 
at  this  step  where  a  grade  of  avgas  is  usually  specified  as  the  fuel.  Engine 
ratings  and  operating  limitations  are  established  by  the  Administrator  according  to 
various  criteria  which  include  the  engine  fuel  and  oil  grades  or  specifications. 

The  FAA  also  requires  that  each  engine  type  be  tested ;  one  test  of  which  is  the 
"Detonation  Test.  "  This  is  to  establish  that  the  engine  can  function  without 
detonation  throughout  its  range  of  intended  conditions  of  operation.  Other  air¬ 
craft  engine  requirements  cover  design  and  construction,  for  example  that  the 
engine  must  supply  an  appropriate  mixture  of  the  fuel  to  the  cylinders  throughout 
the  complete  operating  range  of  the  engine  under  all  flight  and  atmospheric  con¬ 
ditions.  Another  such  requirement  is  that  each  passage  in  the  induction  system 
which  conducts  a  mixture  of  fuel  and  air  must  be  self-draining.  This  prevents  a 
liquid  lock  in  the  cylinders. 

For  the  aircraft  certification  the  FAA  requires  the  fuel  grade  be  established  so 
that  it  is  not  less  than  t'  at  required  for  the  operation  of  the  engine  within  the 
limitations  of  specified  takeoff  and  continuous  operations.  The  FAA  also  requires 
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the  fuel  filter  openings  be  marked  with  the  minimum  fuel  grade.  Regarding  the  fuel 
system,  the  FAA  also  quires  that  each  fuel  system  must  be  free  from  vapor  lock 
when  using  110°F  fuel  der  critical  operating  conditions.  In  addition  to  this  re¬ 
quirement,  each  fuel  s-jutem  must  be  constructed  and  arranged  to  insure  a  flow  of 
fuel  at  a  rate  and  pressure  established  for  proper  engine  functioning  under  each 
likely  operating  condition,  including  any  maneuver  for  which  certification  is  re¬ 
quested.  Algo  regarding  fuel  flow,  the  ability  of  the  fuel  system  to  provide  fuel 
at  the  rates  specified  (in  the  section  23.955,  subpart  E)  and  at  a  pressure  suffi¬ 
cient  for  proper  carburetor  operation  must  be  shown  in  the  attitude  that  is  most 
critical  with  respect  to  fuel  feed  and  quantity  of  unusable  fuel  (5). 

STATE  REQUIREMENTS. 

More  specific  mandatory  regulations  of  gasolines  and  their  properties  are  on  the 
state  level.  According  to  the ’"Digest  of  State  Inspection  Laws  Relating  to  Petro¬ 
leum  Products"  (h),  some  states  require  that  these  automotive  gasolines  meet  all 
the  requirements  of  AST.1 1  specification  D  h-39-  Some  states  require  different  maxi¬ 
mum  and  minimum  values  for  some  properties  determined  by  the  various  autogas  tests. 
Some  states  require  only  a  few  tests  and  some  states  have  no  inspection  laws  re¬ 
garding  petroleum  products,  as  Table  2  reveals.  As  mentioned  before,  nine  states 
have  a  definition  for  avgas  covering  such  characteristics  as  distillation,  octane 
number,  lead  content  and  gum  content.  Table  3  shows  which  states  have  such  a  defi¬ 
nition. 


GASOLINE  VARIABILITY  IN  THE  UNITED  STATES 


Twice  a  year,  summer  and  winter,  the  Department  of  Energy  tabulates  data  on  the 
performance  properties  of  autogas.  The  Appendix  to  this  report 'contains  six 
tables  (Table  A-l  through  Table  A-6)  of  data  taken  from  these  Department  of  Energy 
reports  for  winter  of  1978-79  and  summer  of  1979  (11,12). 

Inspection  of  these  tables  reveals  a  wide  range  of  autogas  properties  between  the 
17  different  districts  across  the  nation,  and  often  a  wide  variation  within  each 
district  itself.  Figures  3  through  8  were  constructed  using  data  available  for 
avgas,  the  winter  of  1978-79  Department  of  Energy  autogas  survey,  and  the  summer  of 
1979  Department  of  Energy  autogas  survey.  The  80/87  avgas  data  of  the  1969  survey 
(13)  is  in  Table  A-7.  1969  is  the  last  year  for  which  avgas  survey  data  is  avail¬ 

able. 

Figure  3  shows  the  national  average  distillation  curve  for  winter  of  1978-79  regular 
autogas,  along  with  curves  of  the  maximum  and  minimum  values  of  this  winter  regular 
autogas.  This  band  demonstrates  a  wide  range  of  volatilities  of  regular  winter 
autogas  throughout  the  nation.  Also  shown  on  Figure  3  is  the  same  band  for  80/87 
avgas,  from  the  19 69  data  (13)  This  avgas  band  demonstrates  a  much  narrower  range 
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80/87  avgas  maximum  specifications  from  ASTM  D  910 
(Ref.  2);  maximum,  average,  and  minimum  distillation 
data  from  the  Bureau  of  Mines  survey  of  1969  (Ref.  13) 


Regular  autogas  maximum,  average,  and  minimum 
distillation  data  from  D.O.E.  surveys  of  the  winter 
* 7 8—  * 7 9  and  the  summer  '79  (Refs.  11,12) 


FIGURE  3.  COMPARISON  OF  ACTUAL  80/87  AVGAS  AND  REGULAR  AUTOGAS  DISTILLATION 
DATA  FROM  SURVEYS  WITH  THE  MAXIMUM  AVGAS  DISTILLATION  REQUIREMENTS 
OF  ASTM 


TEMPERATURE 


Avgas  maximum  specifications  from  ASTM  D  910  (Ref.  2) 

Regular  autogas  data  of  the  North  Plains  and  South 
Mountain  States  districts  from  D.O.E.  surveys  of  the 
winter  '78- '79  (Ref.  11) 


FIGURE  4.  COMPARISON  OF  AVERAGE  DISTILLATION  DATA  FROM  SURVEYS  OF  REGULAR  AUTOGAS 
FOR  TWO  DIFFERENT  DISTRICTS  OF  THE  U.S.  DURING  THE  WINTER  '78-' 79  WITH 
THE  MAXIMUM  AVGAS  DISTILLATION  REQUIREMENTS  OF  ASTM 
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FIGURE  5 .  COMPARISON  OF  ACTUAL  AVGAS  AND  AUTOGAS  MOTOR  OCTANE  RATING  DATA  FROM  SURVEYS 
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of  volatilities  of  avgas  across  the  nation  than  that  of  autogas. 

Figure  4  shows  average  distillation  curves  for  1978-79  winter  regular  autogas  taken 
from  two  different  districts.  These  curves  demonstrate  a  difference  between  the 
South  Mountain  States  district  and  the  North  Plains  district  of  about  two  vola¬ 
tility  classes  in  the  front  end  distillation  range,  during  the  same  season. 

Tables  A-l  through  A-6  and  Figures  5  through  8  show  large  variations  in  gasoline 
properties  also  existing  between  summer  and  winter  autogas,  depending  on  location. 

For  example,  considering  unleaded  gasoline;  the  national  maximum  Reid  vapor  pressure 
was  in  Michigan  (district  5)  in  the  winter  of  78-79,  and  was  15.6  psi.  The  minimum 
Reid  vapor  pressure  was  in  the  Mid -Atlantic  coast  region  (district  2)  in  the  summer 
of  1979,  and  was  7*0  psi.  Inspection  of  Figure  6  shows  this  comparison  easily. 

This  example  demonstrates  a  substantial  variation  of  a  critical  performance  char¬ 
acteristic  of  autogas  across  the  country  throughout  the  year. 

Figure  5  shows  some  decrease  in  average  octane  rating  of  regular  autogas  for  the 
summer  of  1979  from  that  of  the  previous  winter,  though  these  ratings  are  quite 
similar.  But,  Figure  7  shows  very  large  variations  of  lead  content  in  autogas  for 
both  summer  of  1979  and  the  previous  winter,  especially  with  premium  autogas.  This 
figure  also  shows  a  large  variation  of  lead  content  for  100/130  avgas  of  1969*  In 
addition  to  lead  content,  large  variations  in  sulfur  contents  of  some  autogas  are 
shown  in  Figure  8. 

An  important  point  to  be  considered  here  with  Tables  A-l  through  A-6  and  Figures  3 
through  8  is  that  for  the  80/87  avgas  data,  only  24  samples  were  used  whereas  for 
the  summer  of  1979  autogas,  1,001  samples,  955  samples,  and  445  samples  were  used 
for  the  unleaded,  regular  and  premium  gasolines,  respectively.  But,  Tables  A-l 
through  A-6  show  that  in  the  individual  districts,  ranges  of  values  of  the  various 
properties  are  still  quite  large  for  a  much  smaller  number  of  samples.  Therefore 
one  conclusion  is  that  autogas  performance  characteristics  vary  greatly  within  the 
same  district  at  the  same  time  of  year,  and  between  different  districts  at  the  same 
time  of  year,  as  well  as  at  different  times  of  the  year. 

In  contrast  to  the  widespread  variation  of  some  performance  characteristics  of 
autogas,  avgas  typically  has  a  relatively  small  spread  of  values.  For  1969, 

Figure  6  shows  that  both  the  80/78  and  100/130  avgas  had  maximum  Reid  vapor  pres¬ 
sures  of  7-0  psi,  and  minimum  values  of  6.0  psi.  This  is  a  spread  of  1.0  psi 
R.V.P.  for  avgas  compared  to  a  spread  of  8.6  psi  for  unleaded  autogas.  Also,  the 
spread  of  Reid  vapor  pressure  values  of  regular  gasoline  was  10.1  psi  (from  4.8  to 
14.9),  and  the  spread  of  those  values  for  premium  was  8.6  psi  (from  6.7  to  15-3) • 


WHICH  AVGAS  CAN  BE  REPLACED  BY  AUTOGAS  AND  WHY 


Based  on  data  from  the  U. S.  Department  of  Energy  (11,12)  a  comparison  of  all  auto¬ 
motive  gasolines  (unleaded,  regular,  and  premium)  with  grades  100/130  and  100  LL 
aviation  gasoline  on  the  basis  of  motor  octane  numbers  shows  that  automotive  gaso¬ 
lines,  with  their  range  of  Motor  octane  numbers  of  84  to  90,  fall  far  short  of  the 
required  99-6  Motor  octane  number  of  each  of  the  100  grade  aviation  gasolines,  and 
precludes  use  of  autogas  as  a  substitute  for  those  grades  or  higher  grades. 

In  comparing  automotive  gasolines  with  grade  80/87  avgas,  the  automotive  gasolines 
appear  to  exceed  the  aviation  requirement  for  the  Lean  octane  rating.  Some  question 
exists  as  to  whether  the  automotive  gasolines  would  meet  the  Rich  octane  number  re¬ 
quirement.  Therefore  considering  octane  quality  only,  grade  80  avgas  is  the  only 
grade  which  might  be  replaced  by  autogas,  a  topic  to  be  considered , in  much  more  de¬ 
tail  in  the  remainder  of  this  report.  The  preceding  sentence  is  not  intended  to 
mean  that  autogas  can  replace  80/87  avgas,  since  additional  characteristics  must  be 
considered.  These  characteristics  are  discussed  in  detail  in  the  balance  of  this 
report. 


DETAILED  DISCUSSION  OF  POTENTIAL  PROBLEM  AREAS 


COMBUSTION  PROBLEMS. 

KNOCK.  Knock  is  a  spontaneous  combustion  of  part  of  tne  fuel-air  mixture  resulting 
in  rapid  gas  pressure  oscillations.  Knock  continuing  even  over  a  relatively  short 
period  of  time  in  an  aircooled  engine  can  lead  to  engine  damage.  The  pressure  fluc¬ 
tuations  cause  a  large  amount  of  heat  transfer  to  the  piston  and  combustion  chamber. 
In  an  aircooled  er  g^.ie,  which  is  very  limited  in  its  ability  to  remove  excess  heat, 
a  hot  spot  is  likely  to  form  at  an  overheated  valve  or  spark  plug.  If  the  hot  spot 
is  in  the  range  Oi.  l600-1765°F  preignition  can  occur  and  cause  rapid  piston  failure 
(l5,l6)-  Because  of  the  high  noise  level  in  must  light  aircraft,  knocking  and/or 
preignition  are  not  always  audible.  Therefore  it  i~  important  to  make  sure  that 
the  fuel  has  a  h igh  enough  octane  number  so  that  knock  will  not  occur  under  any 
condition. 

The  Motor  Gasoline  survey  published  by  the  U. S.  Department  of  Energy  (11,12)  indi¬ 
cates  the  Motor  octane  numbers  for  the  three  grades  of  autogas  (regular,  lead  free 
and  premium)  are  high  enough  to  satisfy  the  aviation  lean  mixture  octane  require¬ 
ments  of  those  engines  designed  to  use  80/87  avgas,  at  least  when  these  engines 
are  clear  of  deposits.  This  is  true  even  with  the  lowest  octane  autogas  which  is 
supplied  in  high  altitude  mountain  states.  None  of  the  samples  collected  from  this 
area  were  reported  to  have  less  than  80  Motor  octane  number.  The  lowest  numbers  are 
for  unleaded  grade.  The  average  for  samples  of  unleaded  collected  all  over  the 


nation  (winter  78-79  survey)  was  84.3*  The  minimum  Research  octane  number  for  un¬ 
leaded  was  not  less  than  88  for  any  samples  while  the  national  average  was  93* 

On  the  other  hand,  it  cannot  be  determined  if  the  aviation  Supercharge  Rich  mixture 
octane  number  requirements  would  be  satisfied  by  any  grade  of  autogas.  This  is  be¬ 
cause  the  Rich  Aviation  octane  rating  is  measured  in  a  test  quite  different  from 
the  Research  method  used  for  autogas.  jn  an  earlier  section  of  this  repcrt  some 
data  correlating  the  Research  octane  rating  method  and  the  Rich  Aviation  method 
were  discussed  and  no  specific  conclusions  could  be  reached.  Although  it  is  prob¬ 
able  that  most,  if  not  all,  autogas  meets  the  Rich  Aviation  requirement  of  87  oc¬ 
tane,  standard  correlating  tests  need  to  be  run. 

A  subtle  factor  is  the  octane  requirement  increase  with  running  (ORI).  The  fuel 
octane  required  to  prevent  knocking  in  an  engine  increases  as  the  engine  deposits 
form.  Deposits  build  up  from  partial  combustion  products  of  both  fuel  and  oil. 
Leaded  fuels  build  up  deposits  in  a  different  way  than  unleaded  fuels.  It  is  ex¬ 
pected  that  autogas  may  cause  more  problems  in  this  regard  in  that  it  has  more 
heavy  ends  and  a  higher  aromatic  content  than  avgas.  With  leaded  fuels  the  octane 
requirement  usually  builds  up  to  some  level  then  stays  constant,  while  unleaded 
fuels  cause  a  continually  increasing  octane  requirement.  Long  term  testing  is 
needed,  particularly  with  unleaded  autogas,  to  determine  if  the  increase  in  octane 
requirement  is  low  enough  so  knock  does  not  occur  before  the  engine  is  overhauled 
and  cleared  of  deposits.  Perhaps  a  shorter  overhaul  period  is  necessary  when  auto¬ 
gas  is  used. 

PREIGNITION  AMD  DEPOSIT  IGNITION.  Preignition  has  been  a  greater  problem  in  piston 
engine  aircraft  than  it  has  in  automobiles.  The  engine  operating  conditions  most 
common  with  aircraft  engines  coincide  with  those  which  are  most  likely  to  result  in 
preignition.  These  conditions  are  high-speed,  high  output  and  high  cylinder  head 
surface  temperature  ( 14) . 

# 

Preignition  is  the  premature  start  of  combustion.  This  occurs  when  normal  flame 
propagation  begins  at  a  time  before  that  programmed  into  the  ignition  system.  This 
phenomena  is  distincly  different  from  knock  which  is  the  normal  flame  propagation 
followed  by  spontaneous  combustion  of  part  of  the  charge.  Preignition  can  be 
caused  by  a  hot  spot  somewhere  in  the  combustion  chamber.  If  the  temperature  of  a 
part  in  the  combustion  chamber,  such  as  a  spark  plug  or  a  valve,  becomes  higher 
than  the  autoignition  temperature  of  the  fuel-air  mixtures,  it  will  ignite  the  mix¬ 
ture.  If  this  occurs  before  the  controlled  electric  spark,  the  ignition  timing  in 
effect  will  have  been  advanced.  When  combustion  occurs  too  early  the  piston  and 
combustion  chamber  are  exposed  to  the  hot  combustion  products  longer  and  the  work 
which  the  hot  gases  would  have  done  on  expansion  is  lost  through  heat  transferred 
during  compression.  Such  heat  and  pressure  are  particularly  damaging  to  the  piston 
which  can  fail  catastrophically  is  a  very  short  period  of  time,  sometimes  in  as 
little  as  30  seconds  if  the  preignition  is  continuous.  The  damage  is  usually 
erosion  of  the  piston  ring  lands  or  holes  through  the  piston  crown.  A  short  buist 
of  preignition  will  not  lead  to  damage  since  some  time  is  required  to  heat  the 


28 


critical  surfaces.  In  fact  deposits  may  be  burned  off  eliminating  the  preignition. 
Reports  in  the  literature  indicate  that  the  temperature  of  the  combustion  chamber 
hot  spots  must  be  a  minimum  of  l6C0  to  1765°F  (15),  to  cause  continuous  runaway 
preignition.  When  runaway  preignition  is  occurring  it  is  usually  inaudible.  This 
is  because  the  ignition  of  the  charge  is  so  far  advanced  that  the  engine  doeB  not 
knock.  Some  backfiring  through  the  intake  may  sometimes  be  heard,  however. 

Causes  of  runaway  preignition  include  broken  spark  plug  insulators,  defective  ex¬ 
haust  valve  sealing  and  excessive  spark  knock.  The  spark  plug  is  chosen  with  a 
heat  range  that  will  allow  the  tip  of  the  spark  plug  to  reach  temperatures  just 
under  those  that  would  cause  preignition  under  the  most  severe  operating  conditions. 
This  is  to  burn  off  deposits.  If  the  heat  flow  path  is  disrupted  in  any  way,  such 
as  a  cracked  insulator,  leaking  seal  or  loose  spark  plug,  the  temperature  may  in¬ 
crease  high  enough  to  cause  preignition.  If  the  exhaust  valve  starts  to  leak,  the 
hot  combustion  gases  blow  past  the  valve  head  during  the  expansion  stroke  causing 
it  to  overheat.  There  are  many' things  which  can  cause  the  exhaust  valve  to  leak. 
The  valve  seat  can  warp  so  that  it  is  not  concentric  with  the  valve  head.  The 
valve  can  stick  due  to  deposits  on  the  stem.  Improper  valve  lash  settings  can 
cause  the  valve  to  slam  into  the  seat  with  such  force  that  it  is  damaged.  Exces¬ 
sive  spark  knock  can  also  cause  preignition.  The  high  rate  of  heat  transfer  caused 
by  the  scrubbing  of  the  combustion  gases  can  cause  overheating  of  the  combustion 
chamber  parts,  particularly  the  spark  plugs  and  exhaust  valves. 

Knock  may  be  brought  on  by  fuel  of  too  low  an  octane  rating  or  it  may  be  caused  by 
deposit  ignition.  Some  combustion  chamber  deposits  can  glow  at  a  temperature  high 
enough  to  ignite  the  mixture.  This  can  cause  preignition,  but  of  a  more  stable 
type.  Deposits  car.  cause  the  ignition  to  occur  before  the  time  dictated  by  the 
ignition  system,  causing  knock.  The' increased  heat  input  from  the  knocking  combus¬ 
tion  to  the  walls  causes  the  deposits  to  burn  away  at  a  faster  rate,  so  the  amount 
of  unauthorized  advance  tends  to  be  self-limiting.  If  the  knocking,  caused  by  the 
over-advanced  timing  causes  other  parts  to  be  overheated,  then  runaway  preignition 
can  start. 

From  this  discussion  it  is  seen  that  the  major  impact  of  gasolines  with  regard  to 
the  problem  of  preignition  is  the  character  of  the  deposits  formed  by  the  fuel. 
Deposits  are  actually  formed  in  the  combustion  chamber  from  two  sources,  the  fuel 
and  the  oil  including  their  additives,  and  these  sources  interact  in  two  ways.  One 
is  the  octane  requirement  increase  effect.  This  is  when  the  engine  requires  a 
higher  octane  fuel  to  prevent  knocking  as  deposits  in  the  combustion  chamber  build 
up.  ORI  is  thought  to  be  due  in  part  to  the  compression  ratio  of  the  engine  being 
increased  by  the  volume  taken  up  by  the  deposits,  the  heating  of  the  charge  by  the 
thermal  capacity  and  insulating  properties  of  the  deposits,  and  possible  catalytic 
effects.  Another  way  in  which  deposits  affect  preignition  tendency  is  when  the 
deposits  themselves  act  as  temporary  hot  spots  which  cause  early  ignition  and  as¬ 
sociated  knock. 

One  factor  which  has  been  found  to  be  significant  in  the  control  of  preignition 


tendency  of  gasoline  is  its  aromatic  content.  In  general  aromatic  hydrocarbons 
(which  are  good  antiknocks)  are  chemically  more  susceptible  to  preignition  (15). 

Not  all  aromatic  compounds  are  poor  for  resisting  preignition.  Tol"ene  is  said 
to  be  good  for  avoidixig  hot  spot  ignition  (17)-  Benzene  and  xylen^  are  poor  for 
resisting  both  deposit  and  hot-spot  surface  ignition.  Gasolines  usually  contain 
more  toluene  than  any  other  aromatic.  Very  little  benzene  is  included  since  this 
is  a  valuable  chemical  feedstock. 

Most  autogas  contains  a  high  percentage  of  aromatics.  This  js  particularly  true  of 
unleaded  grades.  These  aromatics  (mostly  toluene  and  seme  xylenes)  are  added  to 
these  fuels  in  place  of  lead  antiknock  compounds.  Unleaded  premium  grades  have 
the  highest  percentage  of  aromatics,  sometimes  exceeding  50%  (18).  Unleaded,  regu¬ 
lar  and  premium  grades  also  tend  to  have  high  aromatic  contents.  Regular  grade 
(autogas)  is  generally  lower  ia  aromatic  content  since  lead  anitknocks  can  still  be 
used  to  good  effect.  Compared  to  avgas  even  regular  autogas  is  considered  rela¬ 
tively  high  in  aromatics  however.  100LL  is  the  aviation  grade  with  the  highest 
aromaticity.  In  order  to  keep  the  lead  content  low,  aromatics  have  been  added. 

The  amount  of  aromatics  that  can  be  blended  into  aviation  gasoline  is  limited  by 
the  necessity  of  meeting  the  heating  value  specification.  Aromatics  have  a  lower 
heat  content  per  pound  than  the  other  hydrocarbon  components  used  and  this  has  lim¬ 
ited  the  amount  of  aromatics  to  an  average  of  10%  and  to  a  maximum  less  thar  about 
25%.  Most  regular  grade  autogas  has  at  least  this  much  if  not  more. 

Autogas  often  contains  higher  concentrations  of  olefins,  which  are  also  considered 
poor  for  preignition  resistance  (15).  This  is  because  olefins  promote  deteriora¬ 
tion  of  gasoline  and  the  aviation  potential  gum  specification  cannot  be  met  if  ole¬ 
fins  are  present  in  large  quantities. 

The  market  forces  and  government  regulations  are  causing  many  changes  in  autogas 
composition.  In  the  future  the  aromatic  content  may  increase.  Fuels  derived  from 
coal,  shale  or  tar  sands  tend  to  be  highly  aromatic.  Some  autogas  will  contain 
MTBE  (methyl  tertiary-butyl  ether)  (19)  or  alcohols  such  as  ethanol,  and  methanol 
as  octane  extenders.  Alcohols  contribute  to  preignition  problems  w  ,ile  the  effect 
of  MTBE  is  not  known. 

Potential  solutions  to  reduce  the  susceptibility  to  preignition  problems  may  be  a 
slight  increase  in  spark  retard  and  the  addition  of  phorphorus  compounds  to  the 
fuel.  These  compounds  reduce  glowing  deposits  and  also  reduce  spark  plug  fouling. 
Since  the  phorphorus  reacts  with  lead  to  form  a  complex  le  .d  phosphate  (20),  its  use 
to  prevent  surface  ignition  with  unleaded  fuels  would  be  questionable.  More  fre¬ 
quent  engine  teardown  and  deposit  removal  may  be  required  with  use  of  autogas. 

To  satisfactorily  answer  questions  related  to  preignition  tendency,  long  term  tests 
similar  to  those  suggested  in  the  previous  section  under  knock  problems  are  required. 
In  fact,  since  knock  is  often  a  precursor  to  preignition,  the  two  problems  are  not 
entirely  separable. 
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VOLATILITY  RELATED  EFFECTS. 


VAPOR  LOCK.  Vapor  lock  is  a  partial  or  complete  stoppage  of  fuel  flow  to  an  en¬ 
gine's  carburetor  caused  by  the  formation  of  vapor  in  the  fuel  system.  Its  onset 
in  an  aircraft  can  be  disastrous,  Much  of  the  following  discussion  is  based  upon 
references  (21,37,40). 

Vapor  lock  is  probably  the  most  serious  problem  to  be  overcome  if  autogas  were  to 
be  used  in  place  of  avgas.  Vapor  lock  is  affected  by  the  temperature  and  pressure 
of  the  gasoline  in  the  fuel  system,  vapor  forming  characteristics  of  the  gasoline, 
ability  of  the  system  to  handle  vapor,  and  the  operating  conditions  of  the  engine. 
Vapor  bubbles  may  occur  anywhere  in  the  fuel  system,  but  the  most  critical  point 
is  usually  the  fuel  pump.  This  is  where  the  most  heat  transfer  to  the  fuel  will 
occur  (with  engine  driven  pumps)  and  the  pump  suction  reduces  the  pressure  which 
increases  vapor  formation.  The  specific  volume  of  gasoline  vapor  at  fuel  system 
temperatures  is  about  160  times  that  of  the  liquid.  Thus  it  can  be  seen  that  a 
pump  of  fixed  maximum  volume  flow  rate  will  not  be  able  to  deliver  a  high  enough 
mass  flow  rate  of  fuel  to  the  carburetor  for  full  power  if  very  much  of  the  fuel 
has  become  vapor. 

A  parameter  that  is  the  ratio  of  vapor  to  liquid  of  a  gasoline  at  a  specific  fuel 
temperature  is  called  the  V/L  ratio.  This  is  useful  for  predicting  vapor  locking 
tendency.  V/L  ratios  can  be  measured  in  the  laboratory  with  temperature — V/L 
equipment  or  approximately  calculated  using  the  ASTM  D  h^-Xl.2  method  from  vapor 
pressure  and  distillation  data  (2).  The  Reid  vapor  pressure  is  a  reasonably  good 
predictor  of  vapor-locking  tendency  in  aircraft.  The  Reid  vapor  test  is  performed 
at  a  V/L  ratio  of  4  and  this  is  close  to  the  V/L  tolerance  of  many  light  aircraft. 
Figures  9  through  13  show  calculated  V/L  curves  plotted  from  the  ASTM  distillation 
data  gathered  from  DOE  fuel  surveys  for  aviation  and  motor  gasolines.  The  curves 
calculated  from  the  procedures  of  ref.  (2)  show  the  amount  of  vapor  formed  as  a 
function  of  fuel  system  temperatures  and  the  variability  from  sample  to  sample.  If 
the  fuel  temperature  becomes  higher  than  that  temperature  corresponding  to  the  V/L 
tolerance  of  the  aircraft,  as  indicated  on  the  Temp-V/L  curve,  then  vapor  lock  will 
begin  to  occur. 

The  V/L  tolerance  of  most  automobiles  is  between  15  and  25-  Several  surveys  indi¬ 
cate  that  with  some  aircraft,  V/L  ratios  less  than  1  (17,22)  can  affect  fuel  pump 
operation  and  fuel  metering  with  higher  ratios  causing  stalling.  When  V/L  ratios 
this  low  have  such  an  influence  on  engine  performance,  then  the  release  of  dissolved 
air  in  the  fuel  becomes  a  significant  factor.  The  amount  of  air  which  will  dissolve 
in  gasoline  is  small.  It  is  usually  not  more  than  20$  by  volume,  but  it  is  impor¬ 
tant  from  the  standpoint  of  vapor  lock  because  the  air  bubbles  can  carry  large 
volumes  of  vapor  as  they  are  released  (22).  The  dashed  lines  on  Figures  9  through 
13  show  the  dissolved  air  contribution  to  V/L.  The  amount  of  air  that  can  dissolve 
in  gasoline  depends  on  the  fuel  vapor  pressure.  The  sum  of  the  partial  pressures 
of  the  dissolved  air  and  the  fuel  must  equal  atmospheric  pressure  (at  equilibrium). 
Air  is  released  with  altitude  and  temperature  increase. 
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FIGURE  9. 


TEMPERATURE-V/L  RELATION  FOR  SOME  UNLEADED  AUTOGAS  SAMPLES  AT 
SEA  LEVEL  PRESSURE  (29.92  in.Hg)  CALCULATED  FROM  ASTM  DISTILLA' 
TION  DATA  REPORTED  IN  "D.O.E.  MOTOR  GASOLINES"  SURVEY  FOR 
DISTRICT  5  SUMMER  1979  (Ref.  12) 
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TEMPERATURE -V/L  RELATION  FOR  SOME  REGULAR  AUTOGAS  SAMPLES  AT 
SEA  LEVEL  PRESSURE  (29.92  in.Hg)  CALCULATED  FROM  ASTM  DISTIL 
LATION  DATA  REPORTED  IN  "D.O.E.  MOTOR  GASOLINES"  SURVEY  FOR 
DISTRICT  5  SUMMER  1979  (Ref.  12) 


VAPOR  TO  L1BOID  RRTIO  V/L 

FIGURE  11.  TEMPERATURE-V/L  RELATION  FOR  SOME  PREMIUM  AUTOGAS  SAMPLES 
AT  SEA  LEVEL  PRESSURE  (29.92  in.Hg)  CALCULATED  FROM  ASTM 
DISTILLATION  DATA  REPORTED  IN  THE  "D.O.E.  MOTOR  GASOLINES 
SURVEY  FOR  DISTRICT  5  SUMMER  1979  (Ref.  12) 


RPDR  TO  LiBUID  RBT1Q  Y/L 

F  ALTITUDE/PRESSURE  ON  THE  TEMPERATURE ~V/L 
OF  ONE  SAMPLE  OF  80/87  GRADE  AVGAS 


Figure  13  shows  the  effect  altitude  (decreasing  pressure)  has  on  the  temperature- 
V/L  relationship.  This  indicates  that  an  aircraft  with  a  given  V/L  tolerance 
would  vapor  lock  at  10,000  ft  with  a  fuel  temperature  l6°F  lower  than  it  would  at 
sea  level,  all  other  factors  being  equal.  Figure  14  shows  that  rate  at  which  at¬ 
mospheric  temperature  drops  with  altitude.  This  shows  that  a  10,000  ft  gain  in 
altitude  decreases  the  ambient  temperature  an  average  of  35 °F.  If  the  fuel  tank 
temperature  could  come  to  equilibrium  with  the  ambient  temperature  more  rapidly 
then  the  two  effects  would  tend  to  cancel  and  vapor  lock  tendency  would  not  increase 
with  altitude.  In  general  fuel  temperature  lags  the  ambient  with  a  tendency  to 
aggravate  vapor  lock  characteristics  during  an  ascent  Consideration  might  be  given 
to  a  low  pressure  drop  fuel  to  air  heat  exchanger  cooled  with  unheated  ambient  air. 
The  object  would  be  to  rapidly  cool  the  fuel  to  the  ambient. 

In  considering  the  use  of  autogas  in  an  aircraft,  it  is  important  to  know  the  V/L 
tolerance  of  the  aircraft.  This  is  the  ratio  above  which  the  engine  leans  out  and 
has  an  unacceptable  reduction  ih  power.  The  way  to  determine  this  is  to  measure 
pressure  and  temperature  at  the  location  along  the  fuel  system  where  vapor  lock  is 
expected.  Then  if  the  V/L  vs.  temperature  data  are  available  for  the  fuel,  the 
limiting  V/L  ratio  can  be  found.  Having  measured  the  temperature  rise  above  ambi¬ 
ent  for  different  operating  conditions,  the  limiting  fuel  volatility  that  may  be 
used  without  encountering  vapor  lock  can  be  predicted.  Operating  conditions  af¬ 
fecting  vapor  lock  tendency  are  initial  fuel  temperature,  ambient  temperature,  al¬ 
titude  and  rate  of  climb.  If  the  V/L  ratio  tolerance  measured  for  a  particular 
aircraft  is  very  low,  much  less  than  20,  fuel  system  modifications  would  be  of 
help.  The  modifications  might  include  increasing  the  fuel  pump  capacity  by  the 
addition  of  a  larger  capacity  fuel  pump,  or  the  reduction  of  heat  transfer  to  the 
critical  fuel  system  parts.  One  potential  modification  to  consider  would  be  the 
elimination  of  the  engine-driven  diaphragm  pumps  completely.  Placing  centrifugal 
fuel  pumps  in  the  tank  reduces  the  temperature  rise  of  the  fuel  while  pressurizing 
the  fuel  system.  By  pressurizing  the  fuel  system  along  its  entire  length,  the  dan¬ 
ger  of  air  introduction  into  the  suction  piping  is  also  eliminated. 

Some  studies  of  automotive  fuel  systems  indicate  that  a  "bottleneck  point"  usually 
occurs  at  the  fuel  pump  inlet.  Most  carburetors  can  handle  V/L  ratios  upwards  of 
45,  but  with  some  loss  of  fuel  economy  due  to  excessive  richening.  The  low  pres¬ 
sure  fuel  injection  systems  as  used  on  some  aircraft  are  relatively  intolerant  of 
vapor  and  are  likely  to  be  the  bottleneck  point.  The  fuel  tends  to  pick  up  heat 
at  the  engine-driven  fuel  pump  because  of  the  pump's  large  surface  area  and  the 
relatively  low  fuel  velocity  through  it.  The  pressure  is  reduced  at  the  inlet 
check  valve  which  increases  vapor  formation.  Fuel  not  used  by  the  engine  is  by¬ 
passed  in  the  pump  back  to  the  inlet  which  further  increases  the  temperature  of 
the  fuel.  To  solve  automotive  vapor  locking  problems,  pumps  have  been  sized  to 
handle  V/L  ratios  of  15  to  25,  and  mounted  upstream  of  the  engine  to  minimize  heat 
pick  up.  Current  aircraft  fuel  pumps  have  not  been  designed  to  handle  V/L  ratios 
much  above  4  because  the  V/L  curve  for  avgas  starts  to  become  flat  at  this  point 
as  Figure  12  shows  and  thus  if  fuel  temperatures  exceed  this  point  very  large  V/L 
ratios  are  readily  generated.  This  design  was  recommended  in  a  paper  by  the  CFR 
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Aviation  Fuels  Division  (37)  since  large  increases  in  pumping  capacity  allow  very 
little  gain  in  vapor  lock  safety  margin.  The  V/L  curves  for  autogas,  Figures  9 
through  11,  do  not  level  off  like  those  for  avgas  so  increasing  pump  capacity  is 
more  effective.  Other  solutions  used  in  automotive  fuel  system  lesigr.  practice 
include  careful  routing  of  fuel  lines  away  from  heat  sources  and  vapor  separators/ 
return  lines  in  troublesome  applications. 

It  should  be  kept  in  mind  that  fairly  small  differences  in  the  ASTM  10,  20  and  50 $ 
distillation  points  can  have  significant  effects  on  the  V/L  vs.  temperature  curve. 
Particularly  the  steepness  of  the  curve  is  imporatnt.  If  the  curve  is  nearly  level 
the  difference  in  critical  fuel  system  temperature  between  a  V/L  ratio  which  begins 
to  cause  leaning  and  the  V/L  ratio  which  causes  stopping  of  the  engine  is  vary  small. 
This  means  that  there  is  even  less  warning  time  to  recognize  the  symptoms  of  vapor 
lock. 

Tests  to  examine  the  impact  of  autogas  on  light  aircraft  fuel  systems  are  needed. 
Mock-up  fuel  systems  can  be  set  up  in  the  laboratory  and  subjected  to  a  variety  of 
temperature  and  pressure  or  vacuum  conditions.  Some  aircraft  may  be  "fixed"  by 
the  addition  of  suitable  intank  pumps.  Prototype  systems  need  to  be  developed  and 
evaluated.  Solutions  appear  possible  but  aircraft  fuel  system  modifications  may 
be  required,  especially  in  sensitive  aircraft  such  as  low -wing  models. 

ICING. 

Carburetor  icing  can  result  in  engine  malfunction  or  power  reduction,  and  arises 
from  ice  formation  in  the  carburetor  (23).  It  has  been  observed  that  this  is  due 
to  the  restriction  of  air  flow  past  the  throttle  plate  caused  by  formation  of  ice 
on  the  throttle  plate  and  interior  of  the  carburetor  barrel;  particularly  during 
light-load  operation.  Under  higher  load  conditions,  ic  e  is  most  likely  to  form 
in  the  venturi  area,  choking  the  air  flow  and  richening  the  mixture.  The  atmo¬ 
spheric  conditions  most  likely  to  cause  carburetor  icing  are  ambient  temperatures 
of  25  to  60°F  and  100$  relatively  humidity  (see  Figure  15).  The- cooling  of  the 
air  caused  by  the  throttling  and  evaporation  of  the  fuel  causes  atmospheric  water 
to  condense  out  while  making  the  throttle  plate  cold  enough  for  this  moisture  to 
freeze.  Fuel  volatility  significantly  affects  the  tendency  for  carburetor  ice 
formation  in  some  engines  depending  upon  relative  humidity  (see  Figure  16) .  The 
parts  of  the  fuel  boiling  range  which  seem  to  affect  icing  tendency  the  most  are 
the  10$  and  50$  evaporated  ASTM  distillation  points  (23).  The  higher  the  volatil¬ 
ity,  or  the  lower  the  percent  evaporated  temperature,  the  more  likely  carburator 
icing  is  to  occur. 

The  10$  and  50$  points  of  80/87  avgas  as  reported  in  the  1969  fuels  survey  are 
l!6±6,  and  198±l8°F,  respectively.  The  winter  78-79  Motor  Gasoline  survey  shows 
the  national  average  10$  point  for  winter  gasolines  are  unleaded  106±5°F,  regular 
106±7,  premium  107±6.  (The  ±  temperature  indicated  is  the  average  variation  in 
each  district.)  The  10$  point  for  summer  gasolines  were  all  higher  at  120°F.  The 
50$  points  for  winter  autogas  are  unleaded  215 °F,  regular  202,  premium  209,  all 


FIGURE  15.  CANADIAN  DEPARTMENT  OF  TRANSPORT  ICING 
PROBABILITY  CURVES  (Ref.  24). 
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EFFECT  OF  FUEL  VOLATILITY  ON  THROTTLE-BLADE  TEMPERATURE 
At  40°  F  ambient  temperature.  (Figure  from  Reference  23) 


±15 °F.  Summer  autogas  50 $  points  are  about  6*F  higher. 

This  information  indicates  that  the  front  half  (that  between  the  initial  boiling 
and  50$  points)  of  autogas  is  more  volatile  than  avgas.  Figure  5  indicates  this, 
and  also  the  variation  likely  to  be  encountered,  graphically.  This  front  half  is 
the  portion  of  the  fuel  which  evaporates  in  the  carburetor  area  of  tne  intake 
tract.  As  the  throttle  is  opened,  less  of  the  fuel  is  evaporated  at  the  carbu¬ 
retor.  Also,  as  the  airflow  increases,  the  pressure  drop  due  to  throttling  of  the 
air  increases.  The  fuel  added  to  the  airstream  at  the  venturi  acts  as  a  liquid 
refrigerant.  As  the  vapor  pressure  of  a  refrigerant  increases,  the  temperature  at 
which  it  can  evaporate  and  provide  cooling  decreases.  Since  the  front  end  of  auto¬ 
gas  has  a  higher  vapor  pressure  than  avgas,  increased  carburetor  icing  problems 
will  be  likely. 


One  way  to  estimate  the  potential  for  carburetor  icing  with  a  given  fuel  and  an 
engine  which  is  sensitive  to  icing  is  a  carburetor  icing  index  which  some  fuel 
system  engineers  use.  This  index  is  the  sum  of  the  10  and  50$  point  temperatures 
plus  one-fifth  of  the  90$  poin$  temperature.  The  higher  the  index,  the  less  likely 
the  fuel  is  to  cause  icing  because  larger  numbers  arise  from  fuels  of  low  volatili¬ 
ty.  This  index  was  developed  for  idle  type  icing  in  automotive  engines. 

Using  distillation  data  from  the  fuel  surveys,  some  calculations  were  made  as 
follows.  For  80/87  avgas  the  average  carburetor  icing  index  is  391.  The  lowest 
was  369-  For  autogas  some  numbers  are: 


Average  Lowest 

o  Sample  Sample 


Winter 

unleaded 

= 

587 

347 

Summer 

unleaded 

= 

410 

361 

Winter 

regular 

= 

576 

.350 

Summer 

regular 

= 

598 

'363 

Winter 

premium 

= 

382 

550 

Summer 

premium 

= 

402 

554 

Indexes  below  390  bre  considered  borderline  without  antiicing  additives.  The  aver¬ 
age  index  numbers  indicat.e  that  the  more  volatil  winter  autogas  probably  will 
cause  slightly  greater  carburetor  icing  problems  while  summer  gas  would  be  slightly 
better  than  avgas  in  this  regard.  Individual  samples  of  autogas  can  be  much  worse 
In  terms  of  carburetor  ice  because  of  the  extreme  variability  of  autogas. 

Some  autogas  may  contain  additives  to  reduce  carburetor  icing,  either  freezing 
point  depressants  or  surface  active  agents.  The  A3TM  specifications  for  autogas 
allow  these  but  do  not  require  them.  Since  most  automobiles  now  have  automatic  in¬ 
take  air  heaters,  the  need  for  antiicers  has  diminished. 

Another  icing  phenomena  is  fuel  filter  icing.  This  occurs  when  water  which  is  dis¬ 
solved  in  the  fuel  becomes  insoluable  and  freezes  into  fine  ice  crystals  which  can 
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rapidly  cleg  a  fuel  filter.  Autogas  has  a  larger  proportion  of  aromatic  hydrocar¬ 
bon  compounds  than  does  80/87  avgas.  Aromatic  compounds  can  hold  more  water  in  so¬ 
lution  than  other  hydrocarbon  types.  If  on  cooling,  the  water  is  thrown  out  of  so¬ 
lution  and  phase  separation  occurs,  there  is  danger  that  slugs  of  this  water  can 
get  into  the  fuel  lines  and  freeze,  blocking  the  flow. 

A  potential  solution  to  carburetor  icing  and  fuel  system  icing  might  be  the  addi¬ 
tion  of  an  approved  antiicing  compound  at  the  time  of  refueling.  Ethylene  glycol 
monomethyl  ether  at  0.10-0.15$  by  volume  is  said  to  be  particularly  effective  ( 24 ). 
Also,  it  has  been  reported  that  the  installation  of  a  teflon-coated  throttle  plate 
can  be  effective  in  preventing  ice  adhesion  to  the  throttle  plate  (24).  More  in¬ 
formation  is  required  on  possible  solutions  to  the  icing  problem. 

COLD  START  AND  WARM  UP.  The  best  indicators  of  the  starting  characteristics  of  a 
fuel  are  its  Reid  vapor  pressure  and  the  ASTM  distillation  test  10$  point.  A  high 
Reid  vapor  pressure  and  low  10$  temperature  indicate  a  more  volatile  fuel. 

According  to  the  fuel  survey  data,  80/87  avgas  on  the  average  had  a  Reid  vapor  pres¬ 
sure  of  6-5  (nationwide  average)  compared  to  the  annual  average  range  of  9*5  to 
12.5  for  autogas.  The  ASTM  10$  point  of  80/87  is  very  high  at  l46°F  compared  to 
the  range  of  105  to  120°F  for  autogas  (the  lower  value  is  found  in  winter  gas). 

With  autogas  fuels  of  such  high  volatility,  the  starting  routine  would  have  to  be 
modified  somewhat  to  avoid  creating  a  mixture  which  is  too  rich  to  permit  the  en¬ 
gine  to  start.  In  general,  however,  improved  cold  starting  would  be  expected  with 
more  volatile  fuels  such'  as  autogas.  The  reason  that  avgas  is  made  with  such  low 
volatility  is  because  the  vapor  pressure  and  10$  point  have  such  pronounced  effects 
on  the  more  serious  problems  of  carburetor  icing  and  vapor  lock. 

The  ASTM  50$  point  indicates  the  ability  of  the  gasoline  to  supply  a  proper  mixture 
during  the  warm-up  period  particularly  during  sudden  throttle  openings.  The  50$ 
point  also  critically  affects  carburetor  icing  which  is  likely  to  occur  during  warm 
up.  80/87  avgas  has  a  50$  point  of  198°F  compared  to  the  200-220  range  for  autogas. 
This  would  indicate  that  the  avgas  should  have  a  slightly  better  warm  up  and  re¬ 
sponse  to  throttle  opening  than  autogas.  Because  the  front  end  volatility  of  auto¬ 
gas  is  so  high,  the  carburetor  icing  tendency  of  autogas  is  greater  than  avgas  as 
discussed  in  the  previous  section.  This  can  adversely  affect  warm  up  performance. 

MALDISTRIBUTION.  The  ASTM  90$  point  indicates  the  amount  of  high  boiling  compo¬ 
nents  in  a  gasoline.  The  amount  of  these  boiling  components  determines  how  good 
the  mixture  distribution  will  be,  particularly  in  an  unheated  intake  manifold. 

Poor  distribution  causes  rough  running,  resulting  in  more  stress  in  propeller  and 
crank.  It  can  also  lead  to  knocking  in  one  or  more  cylinders,  piston  damage  and 
spark  plug  fouling.  Maldistribution  is  also  associated  with  worsened  fuel  economy. 
Too  much  high  boiling  point  components  can  cause  liquid  fuel  to  wash  oil  off  the 
cylinder  walls  and  dilute  engine  oil.  If  the  boiling  point  of  this  liquid  is  much 
higher  than  the  normal  maximum  oil  temperature  then  it  says  with  the  oil  until  it 
is  changed.  There  is  a  large  difference  between  the  90$  point  of  avgas  and  autogas. 


Based  on  the  1 969  survey  (13)  the  average  90 $  point  of  grade  80/87  was  236 °F 
compared  to  a  range  of  330  to  340  °F  for  automotive  gasolines  (11,12).  In  automo¬ 
tive  engines  these  high  boiling  components  are  tolerated  because  the  engine  de¬ 
signer  was  willing  to  trade  off  some  maximum  power  (through  loss  of  volumetric 
efficiency)  by  heating  the  intake  manifold  and  heating  the.  intake  air.  Also,  the 
piston  to  cylinder  clearances  are  very  small  so  relatively  little  liquid  fuel  can 
blow  by  into  the  crankcase  oil. 

The  temperature  at  which  the  last  of  the  liquid  fuel  evaporates  in  the  ASTI-5  dis¬ 
tillation  test  is  called  the  end  point.  Like  the  90$  point,  it  also  indicates  the 
presence  of  heavy  ends.  If  the  difference  between  the  90$  point  and  the  end  point 
is  greater  than  about  70  to  80°F  there  may  be  a  cleanliness  problem  depending  on 
the  hydrocarbons  making  up  these  heavy  ends  (25).  The  average  end  point  of  80/87 
is  only  294 °F,  58°F  above  the  90$  point.  For  automotive  fuel  it  is  4l0  to  450CF, 
about  80°F  above  the  90$  point.  Autogas  may  have  a  variety  of  detergent  additives 
to  control  engine  cleanliness,  particularly  in  the  carburetor  and  intake  system. 
These  are  usually  surface  active  agents  present  in  very  small  quantities.  The 
heavy  ends  in  autogas  cause  carbon  deposits  to  build  up  on  the  intake  valve  tulips. 
This  can  disrupt  air  flow,  increase  maldistribution  and  decrease  maximum  oower 
available.  Those  aircraft  engines  which  have  the  intake  system  mounted  ».elow  the 
engine  and/or  are  heated  externally  would  have  less  problems  with  maldistribution. 

The  extent  to  which  the  greater  maldistribution  expected  with  autogas  will  adverse¬ 
ly  affect  the  aircraft  engine  performance  needs  some  study.  Long-term  tests  are 
required  to  study  deposit  formation  and  crankcase  dilution.  Cylinder -to -cylinder 
fuel  distribution  measurements  under  various  engine  operating  conditions  and  atti¬ 
tudes  are  needed  to  quantify  the  increased  maldistribution  problem. 

SPARK  PLUG  FOULING. 

The  nature  of  deposits  on  a  spark  plug  depends  on  the  plug  insulator  tip  tempera¬ 
ture,  time  of  exposure,  fuel/air  ratio,  tetraethyllead  content  of  the  fuel,  scav¬ 
enger  used  in  the  fuel,  and  contaminants  in  the  atmosphere.  Low  temperature  de¬ 
posits  which  accumulate  on  the  spark  plug  commonly  are  electrically  conductive. 
These  deposits  therefore  provide  an  electrical  contact  from  the  spark  plug  center 
electrode  to  a  ground  (the  cylinder  head). 

Spark  plug  fouling  arises  from  two  main  sources,  the  fuel  and  the  oil.  Oil  con¬ 
sumption  in  an  aircraft  engine  is  high,  as  compared  to  an  automotive  engine.  Of 
the  oil  which  enters  the  combustion  chamber,  some  may  not  burn  and  may  accumulate 
on  the  spark  plugs,  especially  on  the  lower  plug.  Oil  fouling  of  spark  plugs  is 
thought  to  be  independent  of  fuel  type. 

Another  major  cause  of  spark  plug  fouling  is  associated  with  the  higher  boiling 
compounds  in  the  gasoline.  Some  of  these  fail  to  burn  completely  and  accumulate 
on  the  sparl;  plugs,  especially  on  the  lower  plug.  Figure  1  shows  that  the  80  to 
100$  evaporation  region  of  the  distillation  curve  is  indicative  of  spark  plug 
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Based  on  the  1$69  survey  (13)  the  average  90%  point  of  grade  80/87  was  236°F 
compared  to  a  range  of  330  to  3^0 °F  for  automotive  gasolines  (11,12).  In  automo¬ 
tive  engines  these  high  boiling  components  are  tolerated  because  the  engine  de¬ 
signer  was  willing  to  trade  off  some  maximum  power  (through  loss  of  volumetric 
efficiency)  by  heating  the  intake  manifold  and  heating  the  intake  air.  Also,  the 
piston  to  cylinder  clearances  are  very  small  so  relatively  little  liquid  fuel  can 
blow  by  into  the  crankcase  oil. 

The  temperature  at  which  the  last  of  the  liquid  fuel  evaporates  in  the  ASTM  dis¬ 
tillation  test  is  called  the  end  point.  Like  the  90%o  point,  it  also  indicates  the 
presence  of  heavy  ends.  If  the  difference  between  the  90%  point  and  the  end  point 
is  greater  than  about  70  to  80°F  there  may  be  a  cleanliness  problem  depending  on 
the  hydrocarbons  making  up  these  heavy  ends  (25).  The  average  end  point  of  80/87 
is  only  294°F,  58°F  above  the  90%  point.  For  automotive  fuel  it  is  UlO  to  430 °F, 
about  80°F  above  the  90%  point.  Autogas  may  have  a  variety  of  detergent  additives 
to  control  engine  cleanliness,  particularly  in  the  carburetor  and  intake  system. 
These  are  usually  surface  active  agents  present  in  very  small  quantities.  The 
heavy  ends  in  autogas  cause  carbon  deposits  to  build  up  on  the  intake  valve  tulips. 
This  can  disrupt  air  flow,  increase  maldistribution  and  decrease  maximum  oower 
available.  Those  aircraft  engines  which  have  the  intake  system  mounted  ..slow  the 
engine  and/or  are  heated  externally  would  have  less  problems  with  maldistribution. 

The  extent  to  which  the  greater  maldistribution  expected  with  autogas  will  adverse¬ 
ly  affect  the  aircraft  engine  performance  needs  some  study.  Long-term  tests  are 
required  to  study  deposit  formation  and  crankcase  dilution.  Cylinder -to -cylinder 
fuel  distribution  measurements  under  various  engine  operating  conditions  and  atti¬ 
tudes  are  needed  to  quantify  the  increased  maldistribution  problem. 

SPARK  PLUS  FOULING. 

The  nature  of  deposits  on  a  spark  plug  depends  on  the  plug  insulator  tip  tempera¬ 
ture,  time  of  exposure,  fuel/air  ratio,  tetraethyllead  content  of  the  fuel,  scav¬ 
enger  used  in  the  fuel,  and  contaminants  in  the  atmosphere.  Low  temperature  de¬ 
posits  which  accumulate  on  the  spark  plug  commonly  are  electrically  conductive. 
These  deposits  therefore  provide  an  electrical  contact  from  the  spark  plug  center 
electrode  to  a  ground  (the  cylinder  head). 

Spark  plug  fouling  arises  from  two  main  sources,  the  fuel  and  the  oil.  Oil  con¬ 
sumption  in  an  aircraft  engine  is  high,  as  compared  to  an  automotive  engine.  Of 
the  oil  which  enters  the  combustion  chamber,  some  may  not  burn  and  may  accumulate 
on  the  spark  plugs,  especially  on  the  lower  plug.  Oil  fouling  of  spark  plugs  is 
thought  to  be  independent  of  fuel  type. 

Another  major  cause  of  spark  plug  fouling  is  associated  with  the  higher  boiling 
compounds  in  the  gasoline.  Some  of  these  fail  to  burn  completely  and  accumulate 
on  the  spark  plugs,  especially  on  the  lower  plug.  Figure  1  shows  that  the  80  to 
100%  evaporation  region  of  the  distillation  curve  is  indicative  of  spark  plug 


fouling.  Figure  3  shows  that  autogas  has  a  much  higher  90 %  distillation  tempera¬ 
ture  and  therefore  a  larger  volume  of  heavy  ends  compared  to  avgas.  Thus  autogas 
can  be  expected  to  increase  plug  fouling  problems. 

A  further  complication  in  using  autogas  in  aircraft  which  affects  spark  plug  fouling 
is  that  of  maldistribution.  This  was  covered  in  a  previous  section  in  this  report. 
As  noted  there,  these  small  aircraft  engines  are  subject  to  maldistribution  due  to 
the  design  of  thair  intake  manifolds  and  due  to  various  attitudes  which  they  may 
experience,  liven  maldistribution,  use  of  autogas  would  result  in  more  of  the  high 
boiling  compounds  of  the  fuel  entering  the  rich  cylinders  and  this  would  amplify 
fouling  tendencies  in  those  cylinders. 

Lead  in  the  fuel  also  contributes  to  deposits  on  spark  plugs,  and  is  well  known  to 
be  the  major  cause  of  plug  fouling.  In  197^,  the  FAA  Aviation  News  (36 )  reported 
experimental  data  which  shows  how  spark  plug  fouling  increases  with  increased  lead 
content  of  the  fuel.  Their  curve  is  reproduced  as  Figure  17. 

Figure  7  shows  actual  lead  content  of  avgas  and  autogas  surveyed  across  the  United 
States.  This  figure  shows  the  average  lead  content  of  80/87  avgas  to  be  about  0.3 
ml/gal,  whereas  the  average  lead  content  of  autogas  is  shown  to  vary  between  about 
1-7  ml/gal  for  winter  regular  and  about  2.2  ml/gal  for  summer  premium.  Note  that 
the  lead  content  of  unleaded  autogas  is  so  low  that  it  is  not  even  rated.  Comparing 
the  above  with  the  results  in  Figure  17,  it  is  obvious  that  using  regular  or  premium 
autogas  in  an  aircraft  engine  designed  for  80/87  avgas  probably  will  result  in  more 
spark  plug  fouling. 

Another  example  which  illustrates  lead  fouling  is  the  lengthening  of  recommended 
spark  plug  change  intervals  by  the  automotive  industry.  A  short  while  ago  a  typi¬ 
cal  spark  plug  change  interval  suggested  by  the  manufacturer  was  around  12,000 
miles.  Today  with  use  of  lead-free  gasolines  a  typical  spark  plug  change  interval 
is  about  22,500  miles  or  nearly  twice  that  with  the  leaded  fuels. 

It  is  well  to  point  out  that  using  unleaded  autogas  exclusively  in  an  aircraft  en¬ 
gine  designed  for  80/8 7  avgas  may  result  in  valve  seat  recession.  To  the  extent 
that  such  valve  problems  may  arise,  a  mixture  of  unleaded  and  leaded  grades  may 
alleviate  the  problems.  However  standard  tests  will  be  required  to  determine  the 
extent  of  any  problems  and  the  effectiveness  of  solutions. 

HOT  RESTART. 

Hot  restart  is  a  problem  of  starting  a  previously  run  hot  engine.  Deposit  ignition 
and  vapor  lock  are  two  key  factors  which  contribute  to  the  inability  to  re-start  a 
hot  engine.  IVo  situations  can  be  distinguished,  hot  restart  on  the  ground  and  in 
the  air. 

When  on  the  ground  and  the  engine  has  been  off  for  a  short  period  of  time,  it  may  be 
difficult  to  restart.  One  cause  is  heap  transferred  from  the  engine  to  the  fuel 
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system.  With  no  fuel  or  air  flow  to  cool  the  fuel  system,  enough  vapor  is  formed 
to  cause  vapor  lock.  Another  cause  is  preignition.  Preignition  causes  high  com¬ 
pression  pressures  and  slow  cranking.  In  an  extreme  case  the  engine  may  fail  to 
rotate. 

The  severity  of  the  hot  restart  problem  depends  on  the  nature  of  combustion  chamber 
deposits  and  the  temperature  of  the  parts.  These  problems  will  be  more  likely  to 
occur  with  automotive  gasolines  because  of  their  higher  volatility,  greater  deposit 
forming  tendency  and  higher  aromatic  content.  Automotive  starters  are  chosen  on 
the  basis  of  maximum  torque  needed  to  crank  a  hot  engine  with  deposit  ignition. 

This  can  be  greater  than  that  required  to  crank  a  cold  engine.  High  power  starters 
and  batteries  are  too  heavy  for  lig.  t  aircraft  and  thus  hot  restart  will  be  more 
difficult  with  autogas.  In  general  this  is  not  a  safety  problem. 

In  flight,  a  hot  restart  problem  is  less  likely  to  occur.  This  is  because  there  is 
some  cooling  air  available  to  minimize  heat  buildup  and  thus  vapor  formation  is  re¬ 
duced.  Moreover  the  windmilling  forces  on  the  propeller  help  provide  the  power  to 
overcome  the  kicking  back  of  the  engine  encountering  preignition.  Nevertheless 
any  greater  hot  restart  problem  arising  from  use  of  autogas  poses  an  increased 
safety  problem  for  the  aircraft. 

FUEL  SAFETY. 

Toxicity  and  fire  hazard  are  fuel  safety  problems.  Key  factors  affecting  the  fire 
risk  of  u  fuel  are  its  flash  point,  spontaneous  ignition  temperature,  flammability 
limits  and  the  temperature  range  over  which  a  combustible  mixture  will  be  formed 
over  the  liquid  in  a  closed  tank.  This  flash  point  is  defined  as  the  lowest  tem¬ 
perature  of  the  sample  corrected  to  a  pressure  of  760  mm  Hg  at  which  application 
of  an  ignition  source  causes  the  vapor  of  the  sample  to  ignite  under  specified  con¬ 
ditions  of  test  (ASTM  D  56).  The  flash  point  of  avgas  is  about  -40°F  (27).  Auto¬ 
motive  gas  has  a  flash  point  somewhat  lower  because  of  its  higher  volatility  and 
vapor  pressure.  The  flash  point  is  useful  for  predicting  the  fire  hazard  caused 
by  spillage  during  refueling  operations  or  at  an  accident  site,  it  seems  that  both 
avgas  and  autogas  are  extremely  dangerous  in  this  regard. 

The  self-ignition  temperature  (SIT)  of  a  fuel  represents  the  minimum  temperature 
above  which  it  will  burst  into  flames  without  the  aid  of  a  source  of  ignition  and 
relates  to  fires  arising  from  fuel  spills  on  hot  surfaces.  The  SIT  of  avgas  is 
about  1329°F  (22).  In  the  case  of  a  fuel  line  leak  in  the  engine  compartment,  fuel 
spilled  on  a  hot  exhaust  manifold  may  burst  into  flames  (22)  although  such  occur¬ 
rences  are  rare.  The  high  boiling  point  fuel  components  tend  to  have  lower  self¬ 
ignition  temperatures  than  the  more  volatile  components.  If  fuel  splashes  on  the 
hot  manifold  and  the  more  volatile  components  vaporize,  the  remaining  heavy  ends 
may  self-ignite.  In  theory  since  autogas  contains  a  larger  volume  of  high  boiling 
point  constituents,  its  fire  potential  is  at  least  as  great  if  not  greater  than 
avgas . 
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Another  factor  to  consider  is  under  what  conditions  will  the  vapor  mixture  above 
the  fuel  in  the  fuel  tank  be  flammable.  When  the  mixture  is  richer  than  the  lean 
limit  of  flammability  (26  to  30  to  1  air-fuel  ratio)  a  sufficient  source  of  igni¬ 
tion  will  cause  this  mixture  to  ignite.  The  air-fuel  ratio  of  the  vapor  space  de¬ 
pends  on  tank  temperature,  pressure  and  fuel  volatility.  For  avgas  at  ground  level, 
the  flammable  tanx  temperatures  are  about  l4°F  for  the  rich  limit  to  -40°F  for 
lean  limit.  These  temperatures  decrease  with  alt  tude  becoming  0°F  to  -54°F  at 
10,000  ft  (22).  Since  autogas  is  more  volatile  than  avgas,  lower  temperatures  are 
required  to  produce  combustible  tank  vapor  mixtures.  Therefore  autogas  may  be 
slightly  safer  with  regard  to  fuel  tank  explosions  although  such  explosions  are  not 
common. 

In  general  skin  contact  with  autogas  may  be  slightly  more  hazardous  than  avgas  be¬ 
cause  of  its  higher  volume  of  aromatic  compounds  of  which  some  are  known  carcino¬ 
gens.  Further,  exhaust  emissions  from  autogas  may  be  slightly  more  toxic  to  breathe 
due  to  their  greater  aromatic  content  as  well. 

In  conclusion  there  appears  to  be  only  very  minor  differences  between  the  fire  haz¬ 
ard  or  toxicity  of  avgas  and  autogas.  They  are  both  about  equally  safe  or  unsafe 
depending  on  one's  point  of  view. 

ENGINE  DURABILITY. 

EXHAUST  VALVE  LIFE.  Much  development  work  has  been  done  and  much  has  been  pub¬ 
lished  on  the  effects  of  fuels  and  oils  on  exhaust  valve  life,  in  particular  lead 
antiknock  concentration.  Problems  attributed  to  lead  antiknocks  in  gasoline  have 
generally  been  solved.  In  most  cases,  the  solution  has  been  a  matter  of  design, 
metallurgy  operating  conditions,  overheating  and  in  some  cases,  the  fuels  and  lub¬ 
ricants.  An  example  is  the  carbonaceous  deposit  accumulation  in  the  thin  annular 
space  between  the  valve  stem  and  guide.  This  accumulation  can  cause  sticking  and 
eventually  valve  burning. 

Another  of  the  common  causes  of  exhaust  valve  sticking  arises  from  cylinder  head 
temperatures  which  are  periodically  too  low.  Many  small  aircraft  do  not  have  cowl 
flaps  that  are  adjustable,  hence  under  idling  or  low  output  approaches  for  a  land¬ 
ing,  temperatures  in  the  exhaust  valve  guide  area  can  be  quite  cool.  Cool  tempera¬ 
tures  cause  deposits  from  unburned  fuel  and  oil  to  accumulate  between  the  valve  stem 
and  the  guide  and  subsequently  during  high  output  operation  these  deposits  will  form 
hard  coke  and  interfere  with  valve  rotation.  In  the  absence  of  rotation,  the  valves 
will  soon  burn,  crack,  or  otherwise  fail.  Because  autogas  with  its  higher  volume  of 
high  boiling  point  constituents  is  expected  to  accelerate  deterioration  of  the 
crankcase  oil,  the  above  potential  lubrication  problem  is  exaggerated.  This  phe¬ 
nomena  is  well  documented  in  the  automotive  literature. 

VALVE  SEAT  RECESSION.  Valve  seat  recession  is  a  phenomenon  that  can  be  described 
as  the  valve  head  walking  down  into  the  valve  seat.  It  is  also  called  "valve  seat 
wear"  or  "valve  seat  pickup."  This  phenomenon  occurs  only  with  unleaded  gasoline, 


and  can  be  quite  severe  under  high  temperature,  high  output  conditions.  The  prob¬ 
lem  can  occur  with  air-cooled  or  liquid-cooled  engines.  It  became  well  understood 
years  ago  and  has  in  general  been  solved  with  proper  metallurgy  of  the  valve  seat. 
Prior  to  the  development  of  adequate  seat  metallurgy,  small  air-cooled  aircraft  en¬ 
gines  were  operated  on  a  run-in  schedule  using  leaded  gasoline  before  being  re¬ 
leased  for  subsequent  operation  on  unleaded  gasoline.  The  seat  recession  problem 
was  reduced  considerably  because  the  lead  deposits  on  the  seats  provided  protection. 

There  have  been  cases  where  small  engines  designed  for  low  lead  or  no  lead  subse¬ 
quently  became  distressed  when  higher  lead  concentrations  were  used.  Minor  changes 
in  design  or  changes  in  metallurgy  usually  took  care  of  the  problem.  It  is  not 
known  whether  any  valve  recession  problems  would  arise  with  the  use  of  lead  free 
autogas . 

It  has  been  found  that  the  heavy  ends  or  the  high  boiling  portions  of  gasolines 
makes  the  greatest  contribution  to  deposits  in  the  engine.  This  generally  applies 
to  combustion  chamber  deposits,  exhaust  valve  deposits  and  deposits  on  valve  stems. 

A  wide  range  of  additives  is  used  in  motor  gasolines  and  oils  to  handle  these  de¬ 
posits  and  their  effects. 

Aviation  oils  do  not  contain  the  large  compliment  of  additives  that  are  used  in 
motor  oils.  Only  non-metallic  antioxidants  and  polymeric  dispersants  are  used. 
Metallic  dispersants  and  detergents  used  in  motor  oils  could  cause  preignition  in 
the  aircraft  engine.  In  order  to  provide  adequate  lubricity  and  load-carrying 
capacity,  aviation  oils  contain  components  which  tend  to  cause  slightly  more  de¬ 
posits.  Except  for  deposit  problems  mentioned  above,  the  effects  of  these  deposits 
are  small. 

Use  of  autogas  in  aircraft  with  their  higher  blowby  rate  is  expected  to  deteriorate 
the  aviation  oil  rapidly  with  resulting  problems  of  crankcase  sludge  and  varnish. 
Automotive  oils  are  proven  in  ASTM  Sequence  tests  which  to  a  significant  extent  are 
designed  to  exacerbate  autogas  induced  problems.  For  that  reason  aviation  oil 
would  be  totally  inadequate  in  a  modern  automobile  engine.  Standard  tests  need  to 
be  developed  which  can  correlate  exhaust  valve  deposits  and  sticking  to  the  heavy 
ends  of  the  fuel. 

ENGINE  WEAR.  A  search  of  the  literature  shows  a  paucity  of  engine  wear  data  and 
engine  wear  reporting.  This  is  probably  due  to  the  fact  that  an  engine  has  to  qual¬ 
ify  adequately  before  it  is  certified  for  aircraft  use.  Implied  in  the  certifica¬ 
tion  is  acceptable  wear  and  freedom  from  problems  associated  with  high  wear. 

There  occasionally  are  situations  wherein  because  of  the  habits  of  the  operator, 
cylinder  bore  rusting  will  arise.  This  situation  can  arise  if  the  engine  is  allowed 
to  idle  or  taxi  for  long  periods  of  time  with  the  carburetor  fairly  rich  and  the 
engine  quite  cool.  If  the  engine  is  shut  down  at  the  ignition  switch  rather  than 
by  turning  the  fuel  off,  and  is  then  allowed  to  remain  idle  for  long  periods  of 
time  without  turning  over,  barrel  rusting  can  and  does  occur.  This  can  be 
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aggrevated  somewhat  during  fairly  long  approaches  at  constant  low  throttle  opening. 
The  engine  tends  to  operate  rich  and  liquid  fuel  tends  to  get  on  the  cylinder  walls, 
washing  away  a  part  or  most  of  the  protective  lubricating  oil.  It  is  a  combination 
of  the  rich  mixture  washing  oil  off  the  walls  and  low  temperature  that  sets  the 
stage  for  eventual  cylinder  bore  rusting.  The  greater  aromatic  and  sulfur  content 
of  autogas  and  the  generally  higher  chlorine  and  bromine  content  (higher  lead 
level)  may  intensify  this  problem. 

In  the  past,  engine  failures  have  occurred  due  to  some  deficiency  in  the  oil  or 
fuel.  Fuel-related  failures  such  as  those  caused  by  detonation  and  preignition 
have  been  covered  elsewhere.  These  failures  resolve  themselves  in  broken,  burned, 
or  seized  pistons,  burned  valves,  broken  spark  plug  insulators,  and  broken  or  stuck 
piston  rings: 

There  appears  to  be  relatively  few  problems  in  the  cam  and  tappet  area  of  the  small 
air-cooled,  aircraft  engine.  Developments  in  design  and  metallurgy  (compatibility) 
are  responsible  for  the  advances  in  this  area.  Jenerally  the  cam  tappet  area  will 
have  the  highest  momentary  pressure  in  the  engine.  This  occurs  at  the  start  of  the 
lift  of  the  valves.  It  is  particularly  true  with  the  exhaust  valve  where  it  is 
desirable  to  pop  off  the  seat  quickly  so  as  to  drop  the  pressure  in  the  combustion 
chamber  and  reduce  the  velocity  of  the  gases  exiting  the  combustion  chamber  past 
the  valve  and  seat  thus  reducing  heat  transfer  to  the  valve  and  seat. 

In  summary,  use  of  autogas  is  expected  to  accelerate  oil  degradation  and  the  higher 
sulfur  content  will  increase  engine  corrosion.  Standard  durability  tests  need  to 
be  run  with  fuels  having  a  large  volume  of  heavy  ends  and  a  "high"  sulfur  content 
in  order  to  establish  any  necessary  change  in  overhaul  or  oil  change  interval. 
Possible  solutions  are  an  increase  in  oil  detergency  and  a  bypass  type  full  flow 
oil  filter. 

COMPATIBILITY  WITH  MATERIALS  AND  CORROSION. 

"  * 

NON-METALLIC  MATERIALS.  Problems  with  the  polymeric  materials  in  the  fuel  systems 
of  both  aircraft  and  automobiles  have  been  reported  recently.  The  problems  in  air¬ 
craft  systems  have  been  associated  with  those  regions  where  the  newly  introduced 
100LL  was  particularly  high  in  aromatics  (20$  or  more).  The  following  table  from 
Reference  (26)  reports  some  malfunctions  and  their  causes  experienced  by  new  or 
nearly  new  light  aircraft  shortly  after  the  introduction  of  this  fuel. 

The  potential  problems  of  non-metallic  materials  in  contact  with  fuels  are  difficult 
to  quantify.  Non-metallic  materials  are  generally  organic  and  include  plastics, 
elastomers  and  cork  or  leather  for  some  gaskets.  These  materials  consist  of  blends 
of  high  molecular  weight  polymers  or  molecular  networks  and  may  contain  lov;  molecu¬ 
lar  weight  additives  to  protect  the  polymers  from  ultraviolet  radiation,  heat  and 
chemical  degradation  and  to  reduce  cost.  Non-metallic  materials  in  contact  with 
fuel  are  subject  to  three  effects.  They  are  volume  change,  changes  in  physical 
properties  and  chemical  attack.  Volume  change  occurs  when  fuel  is  absorbed  causing 
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swelling  or  when  low  molecular  weight  materials  are  leached  out  leading  to  shrink¬ 
age.  In  those  applications  where  dimensional  stability  is  important  excessive 
swelling  or  shrinkage  can  cause  binding  or  leakage.  Changes  in  physical  properties 
usually  accompany  changes  in  volume.  As  the  volume  increases,  the  tensile  strength, 
modulus,  hardness  and  tear  resistance  decrease.  Chemical  attack  may  cause  large 
changes  in  properties  independent  of  the  changes  caused  by  fuel  qb  sorption. 

The  volume  increase  of  a  polymeric  material  is  a  function  of  the  nature  of  the  mate¬ 
rial  and  of  the  fluid  medium.  The  basic  property  defining  swell  behavior  is  known 
as  the  solubility  parameter.  This  is  composed  of  three  interaction  modes  consisting 
of  dispersion  (6^),  dipole  (5p)  and  hydrogen-bonding  (&^)-  These  are  known  as  par¬ 
tial  parameters.  The  overall  solubility  parameter  (&)  is  defined  as  the  square  root 
of  the  cohesive  energy  density: 


faei1/2  r ah-rt1  1!2  r 

'2  2  2~| 

u 

'O 

II 

8D  +  6P  +  bhJ 

where:  AE  =  energy  of  vaporization 

V  =  molar  volume,  molecular  weight  (mw) /density  (d) 

AH  =  heat  of  vaporization 
R  =  gas  constant,  1.978  cal/( deg) (mole) 

T  =  absolute  temperature 

The  units  of  these  parameters  are  (ealories/cm5)^/2  (called  Hildebrand  units). 

The  overall  solubility  parameter  is  the  vector  sum  of  the  three  interaction  modes. 
The  overall  parameter  (&)  and  partial  parameters  (5p,&p,f  tj)  for  some  liquids  and 
polymer  materials  are  listed  in  Table  4. 

When  the  partial  solubility  parameters  of  the  fluid  equal  those  of  the  material,  the 
maximum  swelling  results.  When  the  differences  in  the  parameter  values  of  fluid 
and  material  are  greatest  the  lowest  swell  occurs.  This  solubility  parameter  con¬ 
cept  can  be  applied  to  mixtures  also.  The  Hildebrand  Linear  volume  blending  rule 
can  be  used  to  calculate  partial  parameters  for  a  multicomponent  mixture  (28). 

For  a  three  component  mixture: 

6p(  1,2,5)  =  (h.&D1  +  <P26D2  + 

6p(  1,2,3)  =  V1&PJ.  +  <P2£t2  +  V^Pj 
&H(1,2,3)  =  ^Hp  +  (P2&H2  +  <P35H5 
where  <p  is  the  volume  fraction 
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TABLE  4.  SOLUBILITY  PARAMETERS 


Tertiarybutyl  alcohol. 


The  avgas  seal  swelling  problems  can  be  associated  with  fuel  aromatic  content.  The 
solubility  parameters  of  the  aromatic  materials  in  most  gasolines  are  5p  =  8.7, 

6p  =  0.4,  =  1.1  (28).  This  is  very  close  to  those  for  toluene.  The  aliphatic 

components  (paraffins,  olefins  and  naphthenes)  all  have  low,  nearly  equal  solu¬ 
bility  parameters.  These  average  &D  =  7-0,  6p  =  0,  =  0.  These  are  also  the 

solubility  parameters  for  isooctane.  This  information  supports  the  use  of  toluene 
and  isooctane  blends  to  study  the  volume  change  problem. 

Nersasian  (27)  has  soaked  materials  in  a  two  component  blend  to  study  the  problem. 

The  two  components  were  isooctane  and  toluene.  Some  results  are  shown  in  Figure  18. 
These  indicate  that  many  fuel  system  elastomers  swell  nearly  linearly  with  increase 
in  toluene  concentration.  This  implies  that  an  autogas  with  an  aromatic  content  of 
40$  will  probably  cause  swelling  which  is  twice  as  great  as  that  from  a  20$  aromatic 
avgas.  MTBE  (2,methyl, 2-butyl  ether)  when  tested  in  isooctane/toluene  blends  pro¬ 
duced  a  moderate  amount  of  swelling  with  concentrations  likely  to  be  present  in 
autogas.  The  effects  of  alcohols  on  swelling  behavior  can  be  nearly  as  great  as 
aromatics  but  are  less  consistent  from  compound  to  compound. 

Problems  have  been  experienced  by  the  automotive  industry  recently  related  to  chem¬ 
ical  attack  of  autogas  on  fuel  system  elastomers.  This  has  been  traced  to  gasoline 
which  has  reacted  with  oxygen  to  form  hydroperoxides  and  turned  "sour."  The  hydro¬ 
peroxides  decompose  forming  free  radicals  which  can  cause  reversion  (chain  breaking 
resulting  in  softening)  or  vulcanization  (continued  cross  linking  resulting  in  em¬ 
brittlement).  These  large  changes  in  physical  properties  are  independent  of  those 
expected  from  solubility  effects.  The  olefins  in  cracked  gasoline  are  the  least 
stable  and  the  first  to  oxidize  and  the  olefinic  content  of  autogas  is  generally 
relatively  high  compared  to  avgas.  .Gasoline  blended  with  alcohol  also  tends  to  be 
unstable.  Fuel  composition,  storage  time,  exposure  to  heat,  light  and  trace  metals 
determine  the  amount  of  oxidation. 

The  non-metallic  materials  in  current  aircraft  may  experience  damage  from  autogas 
which  may,  on  occasion  be  "sour,"  contain  very  high  percentages  of  aromatics,  have 
MTBE  or  be  contaminated  with  alcohol.  Materials  which  can  withstand  these  conditions 
are  being  developed  for  use  in  the  automotive  industry.  The  problems  with  the  in¬ 
stallation  of  these  new  materials  in  aircraft  is  that  they  must  be  capable  of  main¬ 
taining  dimensions  and  properties  over  a  wide  variety  of  fuel  types  (high  and  low 
aromatics).  A  problem  of  retrofitting  any  aircraft  for  autogas  use  would  be  to 
identify  susceptible  materials  and  suitable  replacements.  Decisions  must  be  made 
on  a  plane  to  plane  basis  from  material  information  supplied  by  the  manufacturers 
of  the  various  non-metallic  materials.  This  would  be  a  formidible  task  since  the 
materials  themselves  were  selected  initially  based  on  performance  specifications  in 
avgas  rather  than  on  their  detailed  chemical  composition.  Thus  different  suppliers 
of  the  same  part  may  provide  somewhat  different  materials. 

METALLIC  MATERIALS.  Corrosion  and  wear  will  be  influenced  most  by  the  lead,  sulfur, 
and  halogen  scavenger  content  of  the  fuel.  Some  of  the  halogen  acids  produced  on 
combustion  find  their  way  into  the  crankcase  and  combine  with  water.  This  is  a 
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Epiclorohydrin  * 

honopolymer  (Hydrin  100) 

(Hydrin  200)* 

Acrylonitrile/  * 

Butadiene  (hycar  104) 
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Fluorosilioon  rubber 
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Fluorohydrocarbon  rubber 


*R  TM  Goodrich 
**R  1M  DuPont 


FIGURE  18.  THE  EFFECT  OF  TOLUENE/ISOOCTANE  BLENDS  AT  21*0  ON  THE  VOLUME  INCREASE 
OF  SOME  FUEL  SYSTEM  RUBBERS  (Ref.  27) 
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particular  problem  in  those  engines  which  have  high  blowby  rates.  It  has  long  been 
recognized  that  mineral  acids  and  those  formed  from  sulfur  and  halogens  in  gasolines 
are  corrosive  and  promote  wear  and  rust.  Aviation  mix  is  sold  to  be  used  with  avgas 
and  has  1.0  theory  ethylene  dibromide.  ASTM  specifications  for  avgas  limit  the  scav¬ 
enger  content  to  this  amount.  Because  in  19^2  ethylene  dibromide  appeared  to  be 
both  expensive  and  in  short  supply  for  the  large  amounts  needed  for  automotive  uses, 
a  compromise  was  reached  involving  cost,  scavenging  effectiveness  and  corrosion. 

This  was  called  motor  mix.  It  contained  tetraethyl  and  tetramethyl  lead,  1.0  theory 
ethylene  dichloride  and  0.5  theory  ethylene  dibromide.  This  composition  has  been 
retained  for  almost  40  years.  However,  the  ASTM  specifications  for  autogas  do  not 
specify  concentration  of  scavengers  and  this  decision  is  left  to  the  refiner.  Some 
laboratory  engine  testing  (3C)  under  low  temperature  conditions  (those  in  which  the 
oil  does  not  get  hot  enough  to  drive  off  moisture)  indicated  that  the  presence  of 
the  chlorine  scavenger  caused  increased  corrosion  and  wear.  Journal  bearings,  cy¬ 
linder  walls,  rings,  and  particularly  hydraulic  valve  lifters  were  affected.  In¬ 
creased  sulprnr  concentration  in  the  fuel  was  shown  to  have  a  strong  influence  on 
wear  and  corrosion.  This  same  testing  indicated  that ' cylinder  bore  and  ring  wear 
were  nearly  as  great  with  an  unleaded  fuel  as  with  the  fuel  using  the  motor  mix. 

The  mechanism  for  this  was  not  known,  but  it  may  be  related  to  cylinder  wall  wash¬ 
ing  by  the  fuel.  Other  testing  done  comparing  aviation  mix  with  motor  mix  under 
both  high  output  and  low  temperature  conditions  in  laboratory  and  automotive  type 
multicylinder  engines  indicate  about  50$  lower  engine  wear  with  the  aviation  mix. 
Faster  depletion  of  the  alkaline  reserve  of  the  lubricating  oil  was  also  experi¬ 
enced.  Once  this  reserve  is  depleted,  corrosive  wear  can  progress  at  a  rapid  rate. 
Leaded  autogas  use  in  aircraft  engines  would  require  more  frequent  oil  changes, 
and  the  frequency  of  overhaul  would  most  likely  need  to  be  increased. 

The  aspect  of  engine  performance  most  suspect  when  changing  tetraethyllead  scaven¬ 
ger  combinations  is  intake  and,  particularly,  exhaust  valve  durability.  Valve  dura¬ 
bility  is  also  a  major  problem  when  considering  the  use  of  unleaded  fuels.  Test 
data  on  the  effects  of  scavenger  type  in  automotive  engines  running  under  high  out¬ 
put  conditions  tend  to  agree  that  the  chlorine  scavengers  must  be  used  with  valve 
materials  which  are  more  resistant  to  hot  corrosive  attack.  The  valve  and  valve 
seat  sysi ems  have  been  developed  for  optimum  performance  with  the  fuel  with  which 
they  are  intended  to  be  used.  Problems  with  valves  usually  occur  quite  gradually 
because  of  slow  wear.  The  lead  (and  scavenger)  content  also  seem  to  play  an  impor¬ 
tant  role  in  the  rate  of  valve  deterioration.  When  the  automotive  industry  switched 
to  unleaded  fuel  use  it  was  found  that  the  valves  receded  into  the  valve  seats  in 
the  absence  of  lead.  Experiments  have  shown  that  very  little  antiknock  was  needed 
to  protect  the  valves  which  were  currently  in  use.  Some  reports  indicated  that  as 
little  as  0.07  gm  lead/gal  was  needed.  Also  it  has  been  reported  that  phosphorous 
additives  were  effective  in  reducing  recession  rate  with  these  fuels  (31)-  More¬ 
over,  lead  antiknocks  have  a  residual  effect  because  they  combine  with  deposits. 

If  a  leaded  fuel  is  used  occasionally  with  unleaded  autogas  and  a  phosphorous  ad¬ 
ditive  (also  used  to  control  deposit  ignition)  is  used,  then  valve  troubles  in  en¬ 
gines  designed  for  80/87  avgas  may  be  minimized.  The  fuel  survey  data  show  that 
5  out  of  the  25  samples  of  80/87  have  either  no-lead  or  so  little  that  they  would 


be  under  the  maximum  lead  contents  of  unleaded  autogas  (0.05  gm/gal).  However, 
since  lead  content  of  80/87  avgas  is  variable  some  lead  is  passed  through  the 
engine  from  time  to  time  and  this  appears  sufficient  to  circumvent  valve  problems. 
Automotive  catalytic  converter  poisoning  limitations  do  not  allow  either  lead  or 
phosphorous  to  be  included  in  unleaded  autogas. 

The  use  of  leaded  grades  of  autogas,  desirable  because  of  their  lower  cost,  higher 
octane  reserve,  and  lower  aromatic  content  is  less  desirable  in  aircraft  because 
of  increased  spark  plug  fouling,  engine  wear  and  particularly  increased  exhaust 
valve  failures.  Leaded  autogas  grades  have  been  averaging  about  2  gms/gal.  lead 
with  extremes  to  ov^  1  gms/gal.  This  is  greater  than  the  average  amount  in 
100  LL,  1-1/4  gran.  an  amount  which  has  produced  some  adverse  valve  effects 
and  increased  spar  ig  fouling  compared  to  grade  80/87- 

GASOLINE  STORAGE  STABILITY. 

Gasolines  are  subject  to  deterioration  when  exposed  to  the  atmosphere  by  the 
action  of  oxygen.  This  may  take  place  during  manufacture,  storage,  and  use,  and 
the  effect  of  deterioration  may  be  serious  insofar  as  product  performance  is  con¬ 
cerned.  Many  variables  affect  the  length  of  time  that  a  gasoline  can  be  stored 
without  unacceptable  deterioration.  Today's  gasolines,  in  particular  autogas,  are 
mixtures  of  a  large  number  of  different  hydrocarbons.  Not  all  hydrocarbons  com¬ 
pounds  are  equally  stable. 

In  general,  cracking  processes  result  in  the  introduction  of  olefins  and  diolefins 
into  the  gasolines.  These  compounds  greatly  reduce  the  oxidation  stability  of  a 
fuel.  Prior  to  the  advent  of  cracking,  gasolines  were  free  of  olefins  and  problems 
due  to  storage  of  the  gasolines  were  minimal.  Olefins  are  not  found  naturally  in 
crude  oil  because  they  are  unstable.  The  cracking  process  splits  the  larger  hydro¬ 
carbon  molecules  of  heavy  residues  into  smaller  components  and  although  it  provides 
gasoline  at  increased  quantity  and  of  higher  octane  quality,  the  oxidation 
stability  of  the  fuel  is  in  general  seriously  reduced. 

The  consequences  of  the  reduced  stability  is  the  formation  of  gums  and  peroxides 
upon  storage.  Gum  is  a  high  boiling,  sticky,  viscous  material  which  if  present 
in  high  concentrations,  may  deposit  in  fuel  tanks,  fuel  lines,  carburetors, 
intake  systems,  including  intake  valves  and  in  general  cause  malfunctioning  in 
the  engine.  It  is  important  that  the  gum  formation  in  gasoline  during  storage 
be  kept  at  a  low  level.  ASTM  specifications  for  gum  appear  elsewhere  in  this 
report.  Gum  is  formed  by  the  oxidation  and  polymerization  of  the  unstable  com¬ 
ponents  in  the  gasoline.  The  nature  and  concentration  of  these  deleterious 
materials  vary  with  the  source  of  the  gasoline,  i.e.  type  of  crude  and  processing 
received.  Different  gasolines  therefore  can  vary  widely  in  their  storage  stability. 

Whereas  gasoline  stability  can  be  improved  by  various  treatments  such  as  caustic 
washing,  acid  washing,  contact  with  absorbent  solids  such  as  activated  clays, 
partial  hydrogenation,  etc.  it  is  frequently  more  economical  to  add  an 


58 


antioxidant.  Excellent  antioxidants  are  available  and  over  the  years  there  has 
been  a  shift  in  their  use  becaise  of  the  changes  in  processing  and  composition  of 
the  gasoline.  Antioxidants  are  very  effective  and  their  concentration  can  be 
varied  depending  on  need. 

Widespread  adoption  of  catalytic  cracking  and  catalytic  reforming  and  the  increas¬ 
ing  use  of  alkylate  in  autogas  have  greatly  increased  the  stability  of  modern 
gasolines.  Unstable  components  such  as  those  from  thermal  cracking  and  from 
polymer  gasolines  are  disappearing  from  use.  As  a  result  of  these  changes,  the 
stability  problem  and  the  amount  and  type  of  antioxidant  needed  in  today’s  gasoline 
have  also  changed.  In  the  past,  the  principal  antioxidants  have  been  the  phenylene 
diamine  or  aminophenoi  types  in  addition  to  the  alkylated  phenols.  Several  factors 
have  resulted  in  a  gradual  change  from  the  phenylene  diamine  antioxidants  to  the 
alkylated  phenols. 

The  gasolines  of  several  years  ago  required  relatively  high  concentration  of  anti¬ 
oxidants,  for  example,  12-50  lbs.  active  ingredient  per  1,000  barrels,  depending 
upon  the  type.  The  amine  type  additives  tend  to  have  an  adverse  effect  on  engine 
cleaniness,  causing  deposits  in  the  intake  manifold  and  in  the  crankcase  area. 
Current  gasolines  use  considerably  less  antioxidant  in  the  2-3  lbs/1,000  barrel 
range  in  order  to  provide  adequate  storage  stability. 

The  presence  of  antioxidants  in  almost  all  commercial  fuels  h^s  in  the  past  pro¬ 
vided  a  beneficial  side  effect  by  stabilizing  the  tetraethyllead  antiknock  in  the 
i«el.  In  recent  years  decomposition  of  the  lead  antiknock  has  become  the  dominant 
..  .ability  problem.  If  the  protection  is  inadequate  and  oxidation  occurs,  the  hydro- 
c;  ’"bon  portion  will  contribute  peroxides  and  gum  while  TEL  decomposition  will 
eventually  produce  an  insoluble  precipitate.  The  ill  effects  of  gum  have  already 
been  mentioned.  The  sole  adverse  effect  of  excessive  TEL  degradation  is  filter 
plugging  either  in  the  fuel  distribution  system  or  in  the  engine  fuel  system. 
Excessive  amounts  of  precipitate  can  be  formed  from  the  decomposition  of  a  compara¬ 
tively  small  amount  of  TEL.  The  losses  of  TEL  involved  (frequently  less  than  T^) 
represent  an  insignificant  proportion  of  the  total  and  there  is  little  loss  of  anti¬ 
knock  effect,  even  though  there  is  a  fair  amount  of  precipitate  in  evidence. 
Peroxides  formed  do  reduce  antiknock  quality  however  since  these  are  proknock 
compounds. 

The  changes  in  gasoline  composition  in  recent  years  has  reduced  the  reliability  of 
the  ASTM  induction  period  as  a  predictor  of  fuel  stability.  ASTM  Test  1525-55, 
Oxidation  Stability  of (Gasoline  Induction  Period  Method)  has  in  the  past  been  quite 
reliable  in  predicting  oxidation  stability  of  gasoline.  The  marked  decrease  in  the 
reliability  of  this  method  for  predicting  storage  behavior  has  resulted  in  a  gradual 
lessening  of  antioxidant  use  until  occasionally  the  point  is  approached  where  the 
amount  of  antioxidant  required  for  the  stabilization  of  the  TEL  in  the  fuel  is  not 
being  provided. 

Temperature  has  a  very  strong  influence  on  stability.  Peroxide  formation  (with 
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accompanying  gum  formation  and  octane  reduction)  is  a  chain  reaction  which  occurs 
after  an  induction  period.  Once  this  chain  reaction  begins,  deterioration  of  the 
gasoline  proceeds  at  an  accelerated  rate.  The  induction  period  (the  time  period 
that  the  gasoline  can  be  stored  before  the  chain  reaction  begins)  very  likely 
follows  a  common  empirical  chemical  rate  equation^where  the  rate  of  reaction 
increases  exponentally  with  absolute  temperature.  It  is  this  exponential  relation¬ 
ship  which  makes  possible  accelerated  testing  where  years  are  compressed  into  hours 
at  elevated  temperatures.  Figure  19  shows  both  the  chain  reaction  effect  and  the 
effect  of  temperature  on  induction  period  for  avgas  undergoing  accelerated  testing. 
Under  actual  storage  conditions,  oxygen  concentration,  exposure  to  catalytic 
materials,  light  and  contaminates  all  effect  the  induction  period.  The  primary 
value  of  the  oxidation  stability  tests  for  autogas2  and  avgas^  is  to  provide  a 
quick  indication  of  some  abnormal  occurrence  in  refinery  operation.  It  has  poor 
correlation  to  the  actual  storage  stability  of  today's  gasolines.  A  much  more 
accurate  test  (but  much  less  convenient)  is  laboratory  storage  at  110°F.  A  rule 
of  thumb  regarding  this  test  is  that  1  week  at  110°F  is  approximately  equivalent 
to  1  month  of  more  normal  storage  (43).  Figure  20  shows  how  the  time  to  failure 
at  110°F  of  various  autogas  samples  varies.  This  figure  also  shows  the  lead  pre¬ 
cipitation  problems  experienced  with  the  more  common  non-thermal  blends.  Thermal 
blends  (those  containing  thermally  cracked,  reformed,  or  polymerized  components) 
are  no  longer  common  because  these  processes  are  not  as  economical  as  the  catalytic 
(non-thermal)  ones. 

A  May  1974  Exxon  technigram  "Gasoline  Storage  Life"  (39)  on  autogas,  suggest  .."if 
gasoline  is  stored  for  over  six  months  additional  oxidation  inhibitors  should  be 
added  to  the  fuel.  The  normal  antioxidant  and  metal  deactivator  treating  levels 
are  2  to  4  pounds,  per  1000  barrels.,  As  a  rule  of  thumb,  these  levels  should  be 
doubled,  and  the  gasoline  should  be  checked  for  increased  gum  content  at  quarter¬ 
ly  intervals."  While  Maxwell  Smith  in  his  book,  "Aviation  Fuel"  (23)  says  of 
•  avgas  . . .  "The  specification  units  for  dissolved  gum  and  precipitate  are  chosen  to 
provide  satisfactory  storage  stability,  this  means  at  least  two, years  under  the 
worst  conditions,  i.e.,  in  the  tropics,  and  considerably  longer  in  temperate 
climates."  , 


^Arrhenius  Equation: _ -  AE*/R0T 

K  —  Ag 

where  k  is  the  temperature  function,  A  =  constant  for  each  reaction,  AE*  = 
activation  energy  (constant),  Rq  =  ideal  gas  constant,  T  =  absolute  temperature. 
^ASTM  D525  Oxidation  Stability  of  Gasoline  (induction  Period  Method)  (for  autogas), 
100  ml  sample  in  glass  container,  212°F,  100°  psi  oxygen  pressure,  induction 
period  =  minutes  to  pressure  break  point  (pressure  falling  at  greater  than  2  psi/ 
15  min. ) . 

^ASTM  D873  Oxidation  Stability  of  Aviation  Fuels/Potential  Residue  Method, 

200  ml  sample  in  glass  container,  212 °F,  100  psi  oxygen  pressure,  exposure  for 
specified  period  of  time  (5  or  16  hrs.)  Measure  for  gum  and  precipitate  content — 
shows  failure  due  to  both  oxidation  and  TEL  breakdown. 
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TIME  OF  AGING,  HOURS,  AT  IOO  PSI  OXYGEN 


FIGURE  19.  EFFECT  OF  TEMPERATURE  ON  STABILITY  OF  TYPICAL  LEADED 
AVIATION  GASOLINE  (REFERENCE  44) 


Storage  Life  Based  on  7mg  ASTM  Gum/iOOml 


FIGURE  20.  TYPE  OF  FAILURE  IN  110°  F  STORAGE  OF  COMMERCIAL  AUTOGAS 
TEL  CONTENT  2.6  to  3.2g  Pb/gal.  (Reference  45) 


Footnote  K  of  ASTM  D910  says  that  by  agreement  between  purchaser  and  supplier  the 
oxidatic^  lability  of  avgas  test  (potential  residue)  can  be  run  to  16  hours 
instead  of  5  hours.  In  this  case  a  doubling  of  antioxidant  to  8.4  lb.  per  1000  bbl 
is  permitted. 

Whether  or  not  storage  stability  would  be  a  greater  problem  with  autogas  could  also 
depend  on  its  rate  of  use.  If  the  storage  time  is  relatively  long,  which  is  the 
case  for  some  avgas  stored  at  small  fields,  then  the  problems  arising  from  instabi¬ 
lity  are  potentially  serious  for  users  of  the  fuel.  On  the  other  hand,  if  automo¬ 
biles  and  aircraft  are  fueled  from  the  same  tank,  then  storage  stability  would 
probably  not  be  a  problem  since  the  rate  of  use  would  be  high. 


ADDITIVES  FOR  PETROLEUM  PRODUCTS 

Additives  are  chemical  compounds  added  in  small  quantities  (in  most  cases  less 
than  1$)  to  the  primary  product.  However,  some  additives  are  used  in  automotive 
lubricants  at  concentrations  much  higher  than  1$.  In  the  case  of  fuels,  a  chemical 
used  in  such  high  concentration  (5$  or  more)  would  probably  be  considered  a  blend¬ 
ing  agent  rather  than  additive. 

An  additive  can  be  defined  as  a  chemical  compound  which  imparts  new  and  desirable 
properties  either  not  originally  in  a  product  or  not  obtained  by  processing.  It 
can  also  be  used  to  produce  superior  properties  at  lower  cost  and  has  been  shown 
to  conserve  crude  oil.  As  a  rule,  different  chemicals  are  used  to  obtain  different 
properties.  These  compounds  mist  be  chemically  active  to  perform  their  function, 
hence  they  can  affect  or  interact  with  each  other  when  used  in  the  same  medium. 
Additives  can  complement  or  supplement  each  other,  or  affect  one  another  adversely. 

Examples  of  additive  classes  used  in  autogas,  avgas  and  lubricating  oil  are  shown 
in  Tables  5,  6  and  7  from  Reference  (52). 

ADDITIVES  FOR  LUBRICANTS. 

Additives  are  used  in  lubricants  to  a  very  considerable  extent  and  probably  to  a 
greater  degree  than  any  other  group  of  petroleum  products.  The  purpose  of  many  of 
these  additives  is  to  counteract  the  effects  of  the  chemically  active  products  of 
combustion  which  blow  by  the  piston  into  the  crankcase.  With  the  high  level  of 
additives  in  automotive  lubricants  and  small  piston  clearances  (low  blowby  rates), 
autogas  containing  a  broader  range  of  composition  than  avgas  can  be  used  with 
acceptable  engine  wear  rates.  The  components  of  the  fuel  which  most  affect  lubri¬ 
cant  performance  are  sulfur,  TEL  and  its  scavengers,  heavy  ends  and  gums,  compounds 
more  prevalent  in  autogas.  Additi-  "  which  contain  ash  (metallic  elements)  cannot 
be  used  in  lubricants  for  aircrafi  .jgines  which  burn  significant  amounts  of  their 
lubricating  oil.  This  is  beca1  ohe  deposits  resulting  from  ash-containing 
additives  have  a  strong  tendency  to  cause  preignition  at  high  engine  speeds  and 


TABLE  5.  EXAMPLES  OF  ADDITIVES  USED  IN  AUTOGAS 


loads.  Additives,  particularly  those  designed  to  cope  with  automotive  gasoline 
are  discussed  briefly  below.  Given  also  are  some  details  of  standard  automotive 
testing  required  to  ensure  that  lubricants  are  compatible  with  autogas  in  automo¬ 
tive  engines. 

ANTIOXIDANTS .  Antioxidants  prevent  oils  from  oxidizing,  particularly  under  pro¬ 
longed  exposure  to  high  temperatures  and  in  the  presence  of  catalytic  metals.  Oil 
oxidization  can  produce  undesirable  sludge  and  varnish  deposits,  corrosive  acids, 
and  excessive  oil  thickening  -  all  of  which  can  lead  to  shorter  engine  life.  Zinc 
dialkyl  dithiophosphate  is  the  most  widely  used  antioxidant.  Internal  combustion 
engines  are  quite  effective  oxidizing  machines  since  the  oil  in  these  engines  is 
violently  aerated  at  high  temperatures  for  relatively  long  periods  of  time  usually 
in  the  presence  of  metals  such  as  copper  and  iron  that  act  as  catalysts.  The 
source  of  these  metallic  accelerators  may  be  the  engine  itself,  or  contaminants 
that  enter  the  engine.  Sludge,  which  is  principally  a  combination  of  combustion 
products  and  unburned  fuel  and  oil  residues,  can  also  catalyze  the  oxidation 
reaction. 

Auiinophenols  ar<*  also  used  as  oxidation  inhibiters  in  motor  oils,  but  not  to  the 
same  extent  as  zinc  dithiophosphate  as  will  be  shown  later.  Zinc  dithiophosphate 
imparts  additional  beneficial  properties  to  the  motor  oil  by  inhibiting  corrosion 
and  wear. 

XflROSION  INHIBITERS.  Corrosion  inhibiters  prevent  attack  on  non-ferrous  metals 
such  as  engine  bearings  by  forming  a  protective  film  on  the  metal  surface.  Zinc 
dithiophosphate  and  other  chemicals  provide  anticorrosion  protection. 

ANTI -WEAR  AGENTS.  Anti-wear  agents  prevent  or  reduce  wear  of  heavily  loaded 
engine  parts,  such  as  cams  and  lifters.  They  are  also  known  as  extreme  pressure 
ageuts.  They  concurrently  reduce  friction  somewhat.  Zinc  dialkyl  dithiophosphate 
also  provides  this  function.  The  zinc  dithiophosphate  and  othep  compounds  of 
phosphorus,  sulfur  and  chlorine  used  as  anti-wear  agents  are  present  in  concentra¬ 
tions  sufficient  to  control  corrosion  and  oxidation. 

GENTS.  Detergents  tend  to  eliminate  high  temperature  engine  deposits.  These 
high  temperature  deposits  on  the  piston  and  in  the  ring  belt  zone  are  harmful 
because  they  interfere  with  the  sealing  action  of  the  rings  thus  causing  a  loss 
in  performance  and  an  increase  in  oil  consumption.  Typical  detergent  additives 
are  barium,  calcium  sulfonates,  phenates  or  phosphonates.  These  additives  not 
cnly  prevent  deposits  from  forming  on  engine  surfaces,  but  they  also  remove 
previously  formed  deposits. 

JI3PBRCANTS.  Dispersants  are  blended  into  motor  oils  to  keep  engines  clean  by 
holiing  in  suspension  the  insoluble  products  of  oil  oxidation  and  fuel  combustion 
farmed  during  low  and  medium  temperature  engine  operation.  The  contaminants  in 
suspension  are  then  drained  from  the  engine  with  the  oil.  Without  this  cleaning 
and  dispersant  action,  such  contaminants  would  tend  to  settle  out  of  the  oil 
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onto  engine  parts.  Since  dispersant  additives  are  soluble  in  oil,  they  keep  the 
sludge  particles  separated  and  suspended  in  the  oil  in  a  form  fine  enough  so  they 
are  not  trapped  by  the  oil  filter. 


Ashless  dispersants  are  popular  because  of  their  high  effectiveness  in  handling  low 
temperature  sludge  in  passenger  car  operation.  Some  ashless  compounds  qualify  as 
multipurpose  additives  by  improving  viscosity  index  while  acting  as  dispersants  to 
control  sludge  and  deposits.  Because  of  their  ashless  nature  they  are  one  of  the 
few  additives  used  in  some  aviation  piston  engine  oil. 

Principal  deleterious  effects  of  low  temperature  sludge  are  ring  plugging,  plugging 
of  oil  screens,  and  other  oil  passages,  resulting  in  oil  starvation  to  critical 
engine  areas.  Engine  failure  can  occur  due  to  starvation  of  oil  in  critical  areas. 

VISCOSITY  INDEX  IMPROVERS.  An  important  property  of  oil  is  the  rate  at  which  its 
viscosity  changes  with  changes  in  temperature.  This  property  is  usually  expressed 
by  viscosity  index  (VI),  an  arbitrary  number  that  describes  the  relative  viscosity- 
temperature  characteristics  of  an  oil  by  a  single  number. 

A  VI  improver  is  usually  desirable  in  a  motor  oil  since  this  material  reduces  the 
decrease  in  the  viscosity  of  an  oil  with  increase  in  temperature.  Thus  a  single 
oil  can  be  used  over  a  much  wider  range  of  ambient  temperatures.  Such  an  oil  not 
only  provides  easier  starting,  better  lubrication,  and  less  power  loss  at  low  temp¬ 
erature  (by  minimizing  viscosity  drag),  but  also  reduces  oil  consumption  and  lubri¬ 
cates  better  at  high  temperature  by  maintaining  a  more  viscous  film  of  oil  on  moving 
parts. 

This  class  of  additive  is  used  extensively  in  motor  oils  to  increase  viscosity 
beyond  that  which  could  be  obtained  by  ordinary  refining  methods.  Refiners  often 
process  oil  to  an  intermediate  VI  quality  rather  than  add  an  VI  improver  to  reach 
the  final  level.  These  additives  are  essential  ingredients  in  multigrade  oils. 

RUST  INHIBITORS.  Iron  and  steel  parts  will  rust  if  they  are  not  adequately  protect¬ 
ed  from  the  chemical  effects  of  water  and  acids.  Such  rust  is  especially  critical 
in  the  close  dimensional  tolerance  of  some  operating  parts  of  an  engine,  such  as 
hydraulic  valve  lifters.  Rusting  can  be  particularly  troublesome  during  engine 
storage  or  as  a  result  of  short  trip  operation.  Although  petroleum  oils  do  have 
some  natural  protection  against  rusting,  they  do  not  have  sufficient  anti-rust 
properties  under  most  operating  conditions.  Therefore  oil  additives  must  be  used 
to  supply  final  protection.  These  additives  usually  function  by  neutralizing  harm¬ 
ful  acids  or  by  forming  a  water  and  acid  repellant  layer  on  the  surface  of  the  metal. 
Some  of  these  additives  are  multifunctional  and  can  also  provide  detergent  action 
as  well  as  rust  jjrotection. 

POUR  POIUT  DEPRESSANTS.  The  pour  point  of  an  oil  is  defined  as  the  lowest  tempera¬ 
ture  at  which  a  motor  oil  will  flow.  If  the  pour  point  is  too  high,  bearing 
oil  starvation  during  cold  weather  operation  can  cause  bearing  failure.  Wax  content 


68 


of  the  oil  is  the  major  variable  affecting  pour  point.  Wax  raises  the  pour  point 
by  precipitating  in  a  honeycomb -like  structure  during  cooling,  thus  inhibiting 
flow. 

The  wax  content  of  an  oil  can  be  reduced  to  a  tolerable  level  by  processing,  but 
extensive  dewaxing  is  costly.  Therefore  refiners  frequently  use  pour  point  depres¬ 
sants  as  an  economical  means  of  producing  oils  of  low  pour  point  without  severe 
dewaxing.  The  pour  point  depressants  currently  marketed  are  effective  at  very 
small  concentrations  (from  0.02  to  0.2  weight  percent).  The  actual  amount  used 
depends  on  oil  composition  (selection  of  blending  stocks),  the  degree  of  process, 
dewaxing,  andtthe  pour  point  desired.  Most  of  the  popular  VI  improvers  also 
effectively  lower  the  pour  point. 

Pour  point  depressants  probably  achieve  their  performance  by  preventing  the  tiny 
wax  crystals  from  agglomerating  to  form  the  matrix  that  traps  the  oil  and  holds 
it  in  a  semi-solid  condition. 

A HT I -FOAM  AOEHTS.  The  environment  in  the  engine  crankcase  tends  to  promote  motor 
oil  foaming.  As  the  oil  circulates  through  the  engine  lubricating  system,  it 
becomes  thoroughly  mixed  with  engine  blowby  gases  and  air  drawn  in  through  the 
breather  system.  Considerable  amount  of  the  oil  leaves  the  connecting  rod  bearing 
area  by  being  thrown  off  against  the  wall  of  the  block  and  crankcase,  thus  subject¬ 
ing  it  to  break-up  and  exposure  to  gases.  This  continuous  aeration  can  produce 
oil  foaming  as  well  as  oil  oxidation. 

Excessive  foaming  is  undesirable  because  it  can  impair  engine  operation  by  vapor 
locking  the  oil  pump  or  reducing  the  amount  of  available  lubricant  at  critical 
points.  Foam  can  also  cause  a  faulty  reading  of  the  oil  level  in  the  sump.  Only 
trace  amounts  (2-10  ppm)  of  certain  chemicals  are  needed  to  eliminate  the  foaming 
tendency  of  most  oils. 

AE4LBSS  ADDITIVES.  There  is  incentive  to  reduce  both  octane  requirement  increase 
and  sludge  deposits  in  light-duty  passenger  car  operation  and  to  combat  destructive 
-t-yje  pre-ignition  in  heavy-duty  truck  operation.  This  has  lead  to  the  development 
of  ashless  oil  additives.  These  additives  differ  from  the  conventional  additives 
in  that  they  do  not  contain  high  melting  point  metallic  compounds  which  tend  to 
form  engine  deposits  that  cause  preignition. 

Among  the  current  available  ashless  additives  are:  ashless  disperants  and  anti¬ 
oxidants.  Although  not  in  universal  use  at  the  present  time,  these  new  additives 
are  finding  wider  acceptance  and  have  made  possible  the  marketing  of  oil  with 
reduced  ash  content.  The  only  additives  used  in  aviation  oils  are  ashless  dis¬ 
persants  and  antioxidants. 

t PhrnVF  COW^EUTRATIOn.  Concentration  of  additives  in  motor  oils  can  vary  consider¬ 
ably  depending  on  the  selection  of  base  stocks,  crude  source,  and  viscosity  and 
service  classifications  that  the  finished  oil  must  satisfy.  Generally,  more  additives 
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are  used  as  the  viscosity  index  level  of  the  oil  is  increased,  or  as  the  API 
service  classification  (see  Table  8)  is  made  more  severe.  Additive  concentration 
is  based  on  need  to  satisfy  a  given  performance.  Additive  content  can  be  as  high 
as  20 %  by  volume  in  a  high  performance  oil  such  as  MS  grade. 

A  summary  of  the  various  ASTM  tests  for  automotive  oils  is  given  in  Table  8. 

Many  of  these  tests  are  designed  to  explore  problems  arising  from  autogas  proper¬ 
ties.  No  comparable  tests  have  been  establisned  for  aircraft  engines.  The  manu¬ 
facturers  have  developed  their  engines  to  certify  with  the  ashless  oils  marketed 
for  aircraft.  The  low  sulfur  and  low  volume  of  heavy  ends  in  avgas  coupled  with 
limited  use  of  the  bromine  scavenger  provide  a  relatively  easy  task  for  the 
lubricant. 

ADDITIVES  FOR  GASOLINE 

Today’s  gasolines  are  carefully  blended  using  products  from  a  variety  of  crude  oils 
and  refining  processes.  Processing  includes  catalytic  cracking,  catalytic  reforming, 
polymerization,  alkylation,  hydrocracking,  etc.  Gasoline  produced  today  bears  little 
resemblence  to  the  forerunners  of  years  ago  when  most  gasolines  were  produced  either 
by  straight  distillation  to  separate  the  gasoline  fractions  from  the  whole  crude  oil 
or  by  thermal  cracking  of  heavy  fractions  to  convert  them  to  hydrocarbons  in  the 
gasoline  boiling  range.  Only  a  few  of  the  above  refining  processes  were  commercial 
when  aviation  gasoline  specifications  were  established.  Although  many  hydrocarbons 
contained  in  aviation  gasoline  when  the  specifications  were  established  were  avail¬ 
able,  they  were  not  necessarily  produced  by  the  above  mentioned  processes. 

Today's  refining  processes  have  been  developed  to  perform  one  or  more  of  the 
following  functions:  l)  increase  the  gasoline  yield  from  a  barrel  of  crude,  2) 
raise  the  antiknock  qualities  of  the  gasoline,  or  5)  convert  the  gases  to  liquid 
hydrocarbons  boiling  in  the  gasoline  range.  In  catalytic  processing  the  catalysts 
and  operating  conditions  are  changed  so  as  to  maximize  either  gasoline  or  middle 
distillates. 

The  demands  of  the  modern  highly  efficient  gasoline  engine  exceeds  what  the  refin¬ 
ing  processes  alone  can  give.  Chemical  compounds  are  required  to  produce  gasoline 
qualities  needed  for  these  engines.  Additives  and  modern  refining  methods  have 
been  combined  to  give  modern  gasoline  good  service  performance. 

ANTIKNOCK  COMPOUNDS.  Engine  knock  or  detonation  is  well  known  and  fairly  well 
understood.  Knocking  causes  a  very  rapid  pressure  rise  and  high  frequency  shock 
waves  that  produce  a  sharp  metallic  noise  in  the  engine.  Knocking  also  can  cause 
loss  of  power,  poor  fuel  economy,  and  higher  temperatures  in  the  engine.  Severe 
knock  also  tends  to  increase  piston  ring  wear  and  to  cause  overheating  of  valves, 
spark  plugs,  and  pistons  thereby  shortening  their  service  life.  In  some  cases, 
severe  knock  has  a  tendency  to  promote  destructive  or  runaway  preignition  which 
can  cause  engine  failure  in  a  relatively  short  time.  Failure  can  result  from  holes 
burned  through  pistons,  broken  spark  plug  insulators,  and/or  badly  burned  or 
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TABLE  8.  ASTM  TESTS  FOE  MOTOR  OILS  (1978  SAE  HANDBOOK) 


■  DESIGNATION,  IDENTIFICATION  AND  DESCtIMIONS  OF  CATEGORIES 


API  Engine  Service  Description 

ASTM  Engine  Oil  Description 

Utility  Gasoline 
ond  Diesel  Engine  Service 

Service  typicol  of  engines  operated  under  such 
m«ld  conditions  that  the  protection  offerded  by 
compounded  o*U  is  not  required.  This  dossifv 
cotion  hot  no  performance  requirements. 

Oil  without  oddiSve  except  thot 
it  moy  contain  pour  ond/o r  foom 
depressonts. 

Minimum  Duty  Gasoline 

Engine  Sesvtce 

Service  typicol  of  engines  operoted  under  such 
mild  conditions  that  only  minimum  protection 
afforded  by  compounding  is  desired.  Odi  de¬ 
signed  for  this  service  hove  been  used  sines  the 
1930s  ond  provide  only  antiicuff  COpcblhty, 
ond  resistance  to  oil  oxidation  ond  beoring 
corrosion. 

Provides  some  ontioxidont  and 
ontisewff  capabilities. 

1964  Gosoline  Engine 

Watt  only  Service 

Service  typicol  of  gasoline  engines  m  1964. 
1967  models  of  possenger  cors  Ond  Irurls 
operating  under  engine  mcnufoc«w«ers‘  war¬ 
ranties  In  effect  during  those  model  years.  Oils 
designed  for  this  service  provide  control  of  high 
ond  low  temperature  deposits,  weor,  rus»,  ond 
corrosion  in  gasoline  engines. 

04  meeting  the  1964-1967 
requirements  of  the  oufomobH© 
monufocMer  S.  Ir;*ndedpr  vnorUy 
for  use  m  passenger  cors.  Pro- 
v»des  low  temperoture  ontisludge 
ond  ontirvsl  performance. 

1968  Gosoline  Engine 

Warranty  Maintenance  Service 

ServKe  fypfco*  of  gosoline  engines  in  1968 
through  1 970mor!elsofpossenger<oricndsome 
tnxls  epeformg  under  engine  monufocturers’ 
worronties  in  effect  during  those  model  ytors. 
Also  may  apply  to  cerloln  1971  o nd/or  lotef 
models,  os  specified  (or  recon  mended)  «  the 
owners'  manuals.  (Ms  designed  for  this  service 
provide  more  protection  against  high  and  low 
temperoture  engine  deposits,  weor,  rust,  ond 
corrosion  in  gasoline  engine  s  than  o4s  which  ore 
voti  sloe  Tory  for  API  Engine  Service  Classification 
SC  ond  moy  be  used  when  API  Engine  Service 
Classification  SC  is  recommended 

04  meetmg  the  1968-1971 
requirements  of  the  outom&We 

monufocturers.  Intended  primorjy 
for  use  m  passenger  <0«S  Pr> 
V»des  fow  temperature  ontisfudge 
ond  Ontlfust  performance 

1972  Gasoline  Engine 

Warranty  Maintenance  Service 

Service  typicol  of  gosohne  engines  »h  possenger 
cors  ond  some  trucks  beginning  with  1972  ond 
certain  1971  models  opera! rng  under  en^ne 
monufocturen'  worronties  Oils  designed  for 
this  service  provide  ore  protection  og»"lt  e»l 
oudehoA,  high  temperoVe  engine  depos-ts, 
rust,  Ond  C©rf->i*C*n  us  gaia&*«  rwy^ti  than  o»fs 
wh»*h  ore  soMfoe*^/  fo»  API  GutuLne  [.-ye 
Warmly  Mor-trflent  Cloivfr  j*  -»s  SD  0»  SC 

ond  moy  be  used  wh<*%  nlhr  of  Ihiv  cLj.wf. 

COt-.- »  ore  rc«|(*'WNH 

0<f  meeting  rfe  1972  require* 
rrvenfs  of  the  automobile  monw 
foctur*ri.  Intended  prlmorily  for 
use  m  passenger  con  Provides 
high  Irmperptwe  on»<©  «*da  li©n, 
low  Temperoture  ontlsludge,  and 
ontwust  performance 

l«Hr 

Deslgnoticn 


Ah  Engine  Service  Description 


ASIM  Engine  Oil  Description 


CA 

for 

Diesel 

Engine 

Service 


CB 

(Of 

Diesel 

Engine 

Service 


CC 

for 

Diesel 

Engine 

Service 


CO 

for 

Oietel 

Engine 

Service 


light  Duly  Diesel 
Engine  Service 

Service  typical  of  cfeset  enginti  operoted  >n 
mild  to  moderate  duly  with  high  quefit y  fuels 
Occosionotly  hot  included  gosoline  engines  m 
mild  tervice. Ods  designed  for  this  service  were 
widely  used  in  the  late  1940:  ond  1950s 
These  oils  provide  protection  from  bearing 
corrosion  end  from  high  temperotue  deposits 
in  nor mody  osplrcted  dml  engines  when  using 
fuels  of  such  qvolity  Iftol  they  impose  no  un- 
usuol  requirements  for  weor  ond  deposit  pro* 
lection 


Moderotc  Duty  Diesel 
Engine  Service 

Service  typicol  of  diesel  engines  operoted  in 
mild  to  moderete  duty,  but  with  lower  quoKty 
fuels  whch  necessltc'e  more  pm*-c»ion  from 
weor  ond  deposits,  Occotlondly  hos  included 
gosoline  engines  in  mild  service  Oils  designed 
for  this  service  were  introduced  m  1949  Such 
oils  provide  necessory  protection  from  beonng 
corrosion  ond  from  high  temperature  deposits 
in  normoBy  csp*ro*ed  cfcsel  engines  with  higher 
sJfur  fuels. 


Moderote  Duty  Diesel 
ond  Gosoline  Engine  Service 
Service  typicol  of  lightly  svperchorged  deid 
engines  operoted  in  moderate  to  severe  duly 
ond  hos  included  certain  heavy  duty,  gosohne 
engines.  Oils  designed  for  this  service  were 
introduced  in  1961  ond  used  in  mony  trucVs 
end  in  indvtlriol  ond  construction  equipment 
ond  form  trodors.  These  oils  provide  protection 
from  high  temperoture  deposits  in  Cght'y  Super 
charged  desels  end  also  from  rust,  corrosion, 
and  uOw  tempero.'ure  deposits  in'gasol-nc  en¬ 
gines 


Severe  Duty  Diesel 
Engine  Service 

Service  typicol  of  superchorged  deid  engines 
in  high  speed,  high  output  duty  requiring  highly 
effective  control  of  weor  and  deposits.  OJs 
designed  for  this  service  were  introduced  m 
1955.  ond  provide  protection  from  bearing 
corrosion  ond  from  high  fempevotwre  deposits 
In  supercharged  <£c  set  engines  when  using  fuels 
of  o  wide  quoRty  range. 


Oil  meeting  the  requirements  of 
MIl*l*2I04A,  Foruse*ngotol>ne 
end  noturolly  osplrotcd  d>ese1 
engines  operoted  on  lo<»  sulfur 
fuel.  The  Mll*t*2l04A  5pec<f<» 
lion  was  issued  m  1954 


Oil  for  use  m  gosol  ne  ond  not* 
roily  osplrcted  dttrl  eng>nes 
Include l  MU  1*2 104  A  oils  where 
the  tfesel  engine  test  wot  run 
using  high  sulfur  fuel 


04  rnee'mg  requirements  of  Mil 
1>2104B  Provides  low  tempera 
hire  cnf.  sludge.  Onftfut*.  ,***d 
light!/  supercharged  dcse!  w 
pftk  peifo»»on<*  Th*  MSI  l 
2I04B  SFtC-fWvn  wos  lived 
in  1964 


04  meetuig  Co  terror  I'u'5* 
Co  Cntifctf  on  ft^u  tnrtl  fo» 
Superior  tvV  <»n is  |Se**e  t  3)  for 
Co’erpiHor  d>ete!  Pro 

vide*  moderoVy 
dntl  engne  petf^murte  The 
certification  of  Ser-ts  3  0*1  »os 
established  by  Co •erp-"©*  f»*t  •* 
Co  m  1955  Ihe  re*a*rd  Mil 
1*45199  spec 
m  1958 
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JEST  TECHNIQUES  AND  Ml  MARY  PERFORMANCE  CRITERIA 


Utter 

Designation 

Tt it  Techniques* 

Primory  Performance  Criteria* 

teller 

DesSgnatien 

Test  Techniques* 

Primary  Performance  Criteria* 

SA 

Non* 

• 

SE 

Sequence  MIC 

per  roiing  method  of 

. 

CRC  Mongol 

1*4  1-3  8 

No.  9 

9.3 

1.4  o.  l-3B‘ 

Sewing  weight  Ion,  mg.  mo* 

500  500 

Avg  oil  ring  ond  vornish 

Com  scuffing 

None 

roting,  min 

6.0 

lifter  scuff  roting.  mo* 

2 

Avg  sludge  roting,  min 

9.0 

Ring  sticking 

None 

SC 

Siqucn<tl  11 A 

Com  ond  Sifter  scuffing 

Non# 

lifter  sticking 

None 

ond  IHA 

A*  ^  com  plus  lifter  wear,  in 

Scuffing  ond  weor  ot  64 

+*■ 

0.0025 

test  h 

Avg  fust  rating,  min 

8.2 

Com  or  tfier  scuffing 

None 

Avg  iludge  rating,  min 

9.5 

Com  ptus  lifter  weor,  in 

Avg  vorniih  roting,  min 

9.7 

Average 

0.0010 

Sequence  IV 

Com  icuffing 

None 

Maximum 

0.0020 

lifter  icuff  roting,  mo* 

2 

Sequence  VC 

A'O  engine  sludge  roting,  min 

8.5 

Sequence  V 

Total  engine  sludge  rating. 

Avg  piston  skirt  vornish 

min 

40 

roting,  min 

Avg  piiton  ikirl  vorniih 

per  roting  method  of  Ford 

rating,  min 

7.0 

Motor  Co. 

8.2 

Total  engine  vorniih 

per  roting  method  of  CRC 

rating,  min 

35 

Manuel  No.  9 

7.9 

Avg  intake  valve  lip 

Avg  engine  vornish  roting,  min 

8.0 

wear,  in  max 

0.0020 

03  screen  clogging,  %,  mo* 

5 

Ring  iticking 

Non# 

03  ring  dogging,  %,  mox 

5 

Oil  ring  clogging,  %,  max 

20 

Compression  ring  sticking 

None 

03  icreen  plugging. 

1-38 

Bearing  weight  loss,  mg,  mox 

40 

%,  max 

20 

1*38' 

Scoring  weight  Ion,  mg  max 

50 

1-4  1-38 

l-l  10.95%  m in 

Groove  No.  t  (top)  corbon 

CA 

1-4  or  l-38‘ 

Bearing  weight  loss,  mg,  max 

120-135  50 

sulfur  fuel) 

fid,  %  vol,  max 

25 

Piston  skirt  vernish  roting. 

Groove  No.  2  and  below 

Essentially  dean 

min 

9.0  9.0 

1*1  (0.35%  min 

Groove  No.  1  (top) 

SO 

Sequence!  IIS 

Com  ond  Hfler  icuffing 

None 

sulfur  fuel) 

corbon  fill,  %  vol,  mox 

25 

ond  ms 

Avg  com  ond  Sifter  wee/,  in 

Groove  No.  2  end  below 

Essentially  deon 

max 

.  0.0030 

Avg  ruit  roting,  min 

e.8 

C* 

14  of  1-38* 

Some  os  CA 

Avg  iludge  rating,  min 

9.6 

l-l  10.95%  m* 

Some  os  CA,  except 

Avg  vorniih  roting,  min 

9.6 

sulfur  fuel) 

Groove  No.  I  (top) 

Sequence  IV 

Com  icuffing 

None 

corbon  fill,  %  vol,  max 

30 

lifter  icuff  roting,  mox 

1 

Sequence  V6 

Totol  engine  iludge  rotmg. 

CC 

1-38 

Bearing  weight  loss,  mg,  mox 

50 

min 

42.5 

Piston  skirt  vornish  rotmg. 

Avg  piiton  skirl  vormsh 

min 

9.0 

rct»ng,  min 

•  8.0 

Totol  engine  vormih  rating. 

LTD  Mod.  ITD 

mir. 

37.5 

ITD  or  Modified 

Piston  skirt  vornish  roting. 

Avg  intcle  volve  ftp  weor. 

min 

7.5  7.5 

in  mox 

00015 

ITD‘ 

Total  engine  vormsh  roting. 

03  ring  clogging,  %,  mox 

5 

min 

—  42 

03  screen  plugging,  %,  mox 

5 

Totol  engine  sludge  roting. 

1*38* 

Beoring  weight  toss,  mg  max 

40 

min 

35  42 

Q3  ring  plugging,  %,  max 

25  10 

l-l  1-H 

03  screen  clogging,  %.  mox 

25  10 

1*1  (0.95%  min)  sulfur 

Groove  No.  1  (top)  corbon 

fuel)*  oe  1-H* 

f.ll,  %  vol,  mo* 

25  30 

IIA  IIB 

Groove  No.  2  lacquer 

Sequence  IIA 

Avg  engine  rust  roting. 

coverage,  %  oreo,  mox 

—  50 

or  1I6‘ 

min 

8.2  8.2 

Groove  No.  2  ond  below 

Essen-  — 

1-H 

Groove  No.  1  (lop) 

tiolfy 

corbon  fill,  %  vol,  mox 

30 

clean 

Groove  No.  2  lacquer 

land  No.  3  ond  below 

—  Essen* 

coveroge,  %  oreo,  mox 

50 

tioDy 

lend  No.  3  and  below 

Essentially  cleon 

deon 

Fokon* 

Avg  engine  rust  roting. 

CD 

1*D 

Groove  No.  1  (fop) 

mm 

9.0 

cwboo  fiD,  %  vol,  mox 

75 

Groove  No.  2  ond  below 

Essentially  deon 

II B  IIC 

1*G 

Groove  No.  1  (top) 

SE 

Sequence  HB  or 

Avg  engine  fus»  rotmg. 

corbon  M,  %  vol  mox 

60 

IIC 

min 

8.9  8  4 

lond  No.  2  corbon  ond 

Sequence  IliC 

Viscosity  increase  ot 

locqver  coveroge,  %  oreo. 

1Q0*F  end  40  lest  h,  %, 

mox 

50 

max 

400 

Groove  No.  2  corbon  ond 

Avg  engine  rofmgs  c!  64 

lacquer  coveroge,  %  oreo. 

test  h 

mo* 

30 

Avg  piston  skirl  varnish 

lond  No.  3  ond  below 

Essentially  deon 

roting.  min 

1*38* 

Bearing  weight  lots. 

per  rating  method  of 

mg,  mox 

50 

CRC  Mongol 

Avg  piston  vornish  roting. 

No.  1 

9.5 

min 

9.0 
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warped  valves. 


A  variety  of  antiknocks  are  currently  available  and  theii  selection  is  dependent 
upon  fuel  composition,  engine  design,  operating  conditions,  transmission  type  used 
:n  vehicles,  etc.  Tetraethyllead  has  been  the  principal  antiknock,  and  was  the 
ui.ly  antiknock  used  commercially  in  the  U.  S.  until  1959-  In  1959  a  managanese  anti¬ 
knock  (methylcyclopentadienyl  maganese  tricarbonyl)  was  introduced  either  as  a 
synergist  or  supplementary  antiknock  agent  for  TEL  or  as  an  antiknock  to  be  used 
alone.  In  i960  a  more  volatile  lead  antiknock  (tetramethyllead)  entered  the 
antiknock  market.  Today  in  addition  to  TEL  and  TML,  there  are  chemical  mixtur  s 
of  them  (mixed  lead  alkyls)  ani  physical  mixtures  of  TEL  and  TML  available  com¬ 
mercially. 

In  the  recent  past  the  variety  of  cars  to  be  satisfied  has  become  greater  than 
ever  before,  ranging  from  high  performance,  automatic  transmission  models  to 
compact  and  foreign  models  with  manual  transmissions.  During  the  same  period  the 
introduction  of  new  refining  methods  has  created  a  wider  range  of  available  hydro¬ 
carbons  for  use  in  gasoline  blending.  The  availability  of  a  number  of  antiknocks 
enables  refineries  to  tailor  blend  a  selected  antiknock  compound  and  their  particu¬ 
lar  hydrocarbon  components  into  finished  gasolines  satisfying  the  greatest  pro¬ 
portion  of  their  customer's  vehicles  at  the  least  possible  cost.  Each  refiner 
must  determine  which  antiknock  offei ~  him  the  greatest  road  octane  ga  in  at  the 
least  cost  in  his  particular  gasoline  blend.  Road  octane  ratings  of  gasolines  are 
those  found  when  the  gasoline  is  used  in  vehicles  on  the  road  as  contrasted  to 
laboratory  octane  readings  obtained  on  a  standard  CFR  single-cylinder  engine. 

Because  TML  is  more  volatile  than  TEL  (TML  boils  at  23) °F  vs.  59' °F  for  TEL)  it 
reacnes  the  cylinders  more  readily  and  follows  the  gasoline  more  readily  than  TEL 
during  rapid  engine  acceleration.  Also  because  the  boiling  point  of  TML  is  closer 
to  the  midrange  of  commercial  gasolines  it  tends  to  distribute  to  the  individual 
cylinder  in  proportion  to  the  gasoline  thereby  supplying  antiknock  quality  more 
uniformly. 

Mixed-lead  alkyls  were  introduced  to  provide  a  range  of  antiknocks  having  both 
compositions  and  volatilities  intermediate  to  those  of  either  TEL  or  TML.  The 
same  is  true  witn  physical  mixtures  of  TEL  and  TML.  The  mixed-lead  alkyls  are 
available  as  triethyl  methyllead  (MLA  253),  diethyl  dimethyl  lead  (MLA  500)  and 
ethyl  trimethyl  lead  (MLA  750) .  These  mixed-lead  alkyls  are  actually  equilibrium 
mixtures  of  the  two  basic  antiknocks  TEL  and  TML. 

The  physical  mixtures  are  available  in  ratios  such  as  25/  TEL  and  75  /  TML,  a 
50/50  mixture  and  a  75/  TEL  and  25/  TML. 

The  various  antiknocks  and  mixtures  make  available  a  rfide  variety  of  combinations, 
and  again  fuel  composition  largely  determines  how  effective  these  compounds  will  be. 
Specifications  for  avgas  permit  use  of  TEL  as  an  antiknock.  Some  autogas  employs 
TEL,  but  unleaded  grades  have  used  other  materials  including  ethanol  and  higher 
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alcohols  as  antiknock  components. 

When  a  gasoline  containing  antiknock  alone  is  burned  in  a  spark-ignition  engine, 
it  produces  non-volatile  combustion  products.  Therefore,  commercial  antiknock 
fluids  contain  scavenging  agents  -  combinations  cf  ethylene  dibromide  and  ethylene 
dichloride  and  in  the  case  of  aviation  gasoline/  ethylene  dibromide  alone  These 
transform  the  combustion  products  of  the  antiknock  into  forms  that  vaporize  readi¬ 
ly  from  hot  engine  surfaces.  Scavengers  are  included  as  a  part  of  any  antiknock 
compound  containing  lead. 

Earliest  antiknock  compound  formulations  were  based  on  use  of  ethylene  dibromide 
as  the  scavenger.  Interest  in  the  use  of  ethylene  dichloride  as  a  scavenger 
developed  when  it  appeared  the  world  supply  of  bromide  was  being  used  at  a  rapid 
rate.  It  was  determined  through  extensive  automotive  testing  that  a  combination 
of  EDB  and  EBC  was  actually  better  on  a  cost  performance  basis  than  EDB  alone. 

The  change  to  a  mixture  of  EDB  .and  EDC  occurred  in  the  1930's  for  automotive 
gasolines.  At  that  time  ethylene  dibromide  was  specified  for  aviation  gasoline 
and  it  has  continued  to  be  the  scavenger  in  avgas  since  it  is  more  effective  under 
sustained  high  load  operation. 

An  antiknock  compound  based  on  methyl  cyclopentadienyl  manganese  tricarbonyl  (MMT) 
has  found  use  in  some  applications  as  a  complimentary  antiknock  which  promotes  the 
antiknock  value  of  TEL.  Adding  a  very  small  amount  of  this  manganese  compound  to 
leaded  gasoline  provides  a  synergetic  (greater  than  proportional)  gain  in  octane 
numbers.  An  antiknock  compound  mixture,  Motor  33  Mix,  sold  by  the  Ethyl  Corpora¬ 
tion  uses  a  small  amount  of  MMT  along  with  TEL. 

MMT  can  also  be  used  as  a  primary  antiknock  compound  to  increase  octane  rating  of 
gasoline  when  lead  is  not  desired.  It  is  used  in  small  concentrations  and  can 
produce  up  to  4  octane  numbers  improvement  at  a  concentration  of  only  0.25  grams 
per  gallon.  The  octane  improvement  depends  on  gasoline  hydrocarbon  composition, 
working  best  in  highly  paraffinic  gasolines.  MMT  has  never  been  used  in  avgas  and 
is  no  longer  used  in  autogas  for  emission  control  reasons,  at  least  in  the  unleaded 
grades. 

DEPOSIT  MODIFIERS.  Deposit  modifiers  combat  surface  ignition  and  spark  plug  foul¬ 
ing  by  altering  the  chemical  characteristics  of  combustion  chamber  deposits. 

Phosphorous  compounds  are  widely  used  as  deposit  modifiers.  These  additives  sup¬ 
press  surface  ignition  by  raising  the  temperature  required  to  initiate  glowing  of 
deposits  and  by  reducing  the  rate  of  heat  release  from  oxidation  of  deposits. 
Phosphorous- compounds  are  limited  in  unleaded  autogas  since  phosphorous  deteriorates 
the  efficiency  of  catalytic  converters.  They  are  not  used  in  avgas. 

SURFACE  IGNITION.  Surface  ignition  or  deposit  ignition  occurs  when  the  fuel/air 
charge  is  i  ,nited  by  hot  spots  within  the  combustion  chamber,  most  of  the  time 
from  glowing  deposits.  To  the  motorist  surface  ignition  usually  causes  a  sporat^c 
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high  frequency  knocking  called  "wild  ping"  or  a  low  frequency  noise,  similar  to 
that  produced  by  bad  main  bearings,  called  rumble.  Wild  ping  results  when  the 
surface  ignited  flame  front  causes  the  pressure  and  temperature  in  the  unburned 
portion  of  the  fuel/air  change  to  rise  much  faster  than  in  normal  combustion.  Con¬ 
sequently,  the  unburned  fuel/air  mixture  is  stressed  far  beyond  its  antiknock 
quality  and  knock  results.  Rumble  on  the  other  hand,  is  a  form  of  non-knocking 
combustion.  It  occurs  when  ignition  from  a  number  of  sources  produces  a  very 
rapid  pressure  rise  and  high-peak  pressures  during  the  combustion  (34). 

In  extreme  cases,  surface  ignition  can  heat  deposits  or  engine  parts  to  a  point 
where  ignition  occurs  progressively  earlier  (preignition)  in  the  cycle.  Such 
runaway  preignition  can  burn  holes  in  pistons  or  seriously  damage  exhaust  valves 
and  faces  within  minutes. 

Spark  plug  fouling  is  covered -in  some  detail  in  another  section  of  this  report, 
but  it  is  mentioned  here  because  the  same  compounds  which  are  effective  in  suppres¬ 
sing  surface  ignition  and  rumble  are  also  effective  in  reducing  spark  plug  fouling. 
Reference  23  discusses  performance  of  specific  alkyl  and  aryl  phosphorous  compounds 
which  are  effective  in  allievating  surface  ignition  and  spark  plug  fouling,  and 
have  been  used  extensively  commercially. 

ANTIOXIDANTS.  Antioxidants  are  added  to  gasoline  to  provide  storage  stability 
(retard  the  formation  of  gum  and  precipates)  by  delaying  the  oxidation  of  both 
reactive  hydrocarbons  in  commercial  gasolines  and  other  materials,  such  as  lead 
alkyl  antiknocks  and  manganese  compounds  that  may  have  been  add<*i  to  the  gasoline. 
There  are  many  variables  which  affect  the  length  of  time  that  gasoline  can  be  stored 
without  unacceptable  deterioration.  Variables  such  as  crude  source,  olefinic 
content,  sulphur  content,  and  additive  treatment  can  all  influence  the  storage  sta¬ 
bility  of  gasoline.  Other  factors  such  as  climatic  conditions  and  the  type  of 
storage  facility  can  also  affect  storage  life.  Antioxidants  and  metal  deactivatorc 
are  widely  used  to  protect  against  gum  and  peroxides  produced  by  oxidation  and  the 
precipitates  from  antiknock  compounds. 

Gums  form  in  gasoline  when  the  unstable  hydrocarbons  combined  with  oxygen  (oxidize) 
or  polymerize  with  each  other.  Gum  formation,  in  addition  to  the  variables  mention¬ 
ed  above,  can  be  influenced  by  storage  temperature,  extent  to  which  air  is  present, 
and  length  of  storage.  When  gum  is  formed  it  produces  a  varnish-like  deposit  that 
tends  to  coat  and  clog  fuel  lines,  carburetor  jets,  and  intake  manifolds,  and  may 
cause  intake  valves  to  stick.  In  severe  cases  it  can  increase  exhaust  system 
deposits  significantly.  High  concentrations  of  gums  can  increase  combustion 
chamber  deposits  (35) to  an  extent  that  there  will  be  an  increase  in  octane  require¬ 
ment  due  to  these  deposits. 

In  many  cases  the  stability  of  gasoline  can  be  improved  by  various  refining  treat¬ 
ments  but  more  often  than  not,  it  is  economical  to  use  an  antioxidant  to  accomplish 
the  same  purpose. 
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The  insoluble  precipitate  that  can  form  when  a  lead  antiknock  decomposes  is  promot¬ 
ed  by  the  presence  of  trace  amounts  of  copper  or  peroxide  in  the  gasoline.  In 
addition  to  loss  of  octane  quality,  one  consequence  of  the  insoluble  precipitate 
is  the  possibility  of  fuel  line  filter  pluging.  The  same  antioxidant  which  pro¬ 
tects  the  gasoline  itself  is  also  effective  in  preventing  the  decomposition  of 
lead  antiknocks.  When  antiknock  decomposition  does  occur,  only  a  small  fraction 
is  involved  even  though  there  appears  to  be  a  rather  large  bulk  of  precipitate. 

Many  gasoline  antioxidants  are  available.  The  most  common  are  alkylated  phenols 
and  amines.  In  recent  years  there  has  been  a  trend  toward  the  use  of  alkylated 
phenols  and  reduced  used  of  phenyline  diamine  types.  This  has  been  due  to  a 
gradual  change  in  gasoline  composition  (lower  olefin  content)  and  increase  in 
use  of  catalytic  desulphurization  processes  which  tend  to  eliminate  the  need  for 
inhibitors  or  inhibitor  sweetening.  Amine  type  inhibitors  permit  inhibitor 
sweetening  whereas  the  phenols  do  not.  These  developments  have  also  produced  a 
situation  where  the  concentration  of  antioxidants  in  autogas  ha'  been  reduced  to 
values  considered  to  be  a  bare  minimum  for  protection  against  decomposition  of 
the  lead  antiknocks  for  it  is  riot  expected  that  autogas  will  be  stored  for  pro-  * 
longed  periods  of  time. 

METAL  DEACTIVATORS.  It  is  known  that  only  trace  quantities  of  many  metals  will 
catalyze  the  oxidation  of  gasoline.  Of  the  several  metals  having  this  property, 
copper  is  by  far  the  most  important.  Trace  quantities  of  copper  can  get  into 
fuel  systems  by  way  of  some  sweetening  processes  and  from  contact  of  refiner  ’ 
streams  with  brass  fittings,  copper  lines  and  numerous  copper-containing  alloys. 

The  presence  of  as  little  as  0.1  ppm  of  soluble  copper  can  have  a  considerable 
effect  on  gasoline  stability.  In  fact,  the  effect  can  be  so  great  that  even  the 
most  effective  antioxidants  cannot  provide  adequate  stability  by  themselves. 
Additives  have  been  found  that  will  effectively  destroy  the  catalytic  activity 
of  the  dissolved  metal.  These  additives  are  referreu  to  as  metal  ueactivators 
and  they  function  by  formation  of  a  stable  chelate.  In  this  form  the  copper 
is  inactivated  and  has  no  catalytic  effect  on  oxidation.  The  use  of  metal 
deactivators  in  conjunction  with  antioxidants  will  frequently  provide  the  most 
effective  and  economical  way  of  stabilizing  the  gasoline.  At  the  present  time 
the  metal  deactivator  used  nost  extensively  is  N,  N'  -disalicylidene-2-diamino- 
propane.  Metal  deactivators  are  not  used  in  avgas  because  of  extreme  care  in 
manufacture  to  guard  against  contaminent  metal  (Hi). 

ANTIRUST  AGENTS.  Rusting  can  be  a  problem  in  fuel  systems  and  in  tanks,  pipe¬ 
lines,  and  tankers  used  to  bring  the  gasoline  to  the  motorist.  It  is  not  only 
costly  to  the  petroleum  transportation  people,  but  car.  cause  the  motorist  . 
trouble  in  the  form  of  leaky  gas  tanks,  plugged  gasoline  filters,  faulty 
carburetion,  etc.  In  recent  years  the  automobile  carburetor  has  become  more 
coxglex,  making  it  more  critical  to  dirt  and  requiring  finer  gasoline  filters. 

Rust  particles  lodging  in  the  needle  valve  or  jets  of  a  carburetor  can  cause 
problems  such  ac  flooding  or  float  bowl  overflow,  thus  causing  malfunction  and 
a  dangerous  situation. 
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Rusting  is  promoted  by  water  which  can  enter  the  car  and/or  gasoline  transportation 
and  storage  system  by  condensation  or  gross  contamination.  Sea  water  is  particular¬ 
ly  harmful  and  is  a  constant  problem  where  gasoline  is  transported  by  sea.  It  is 
difficult  to  keep  water  out  of  a  gasoline  system  even  though  considerable  effort 
is  made  to  keep  the  systems  dry.  Consequently  most  gasolines  contain  considerable 
water  which  often  forms  a  separate  layer  on  tank  bottoms. 

Several  types  of  hydrocarbon  soluble  compounds  are  used  as  rust  inhibitors.  Most 
gasolines  including  avgas  contain  them  and  these  inhibitors  are  often  put  in  the 
gasoline  at  the  refinery.  Compounds  which  can  impart  antirust  properties  to  a 
gasoline  include  various  fatty  amines,  sulfonates,  alkyl  phosphates,  and  amine 
phosphates.  Several  of  these  compounds,  including  the  fatty  amine",  not  only 
inhibit  rust  but  have  antiicing  and  carburetor  detergency  properties.  Must  of 
the  above  additives  act  by  coating  metal  surfaces  with  a  very  \;hin  protective  film 
which  keeps  water  from  contacting  these  surfaces.  The  fatty  amines  impart  good 
surface  active  properties  to  gasoline  and  thus  reduce  carburetor  icing,  icing  in 
fuel  lines  and  build  up  of  carburetor  deposits. 

ANTIICING  AGENTS.  Ice  can  interfere  with  engine  operation  either  by  plugging  fuel 
lines  or  by  upsetting  carburetion.  Fuel  lines  can  be  plugged  by  ice  crystals 
present  in  the  fuel.  Carburetor  icing  however  is  caused  by  freezing  of  the  water 
vapor  in  the  air  which  the  engine  inducts.  The  vaporization  of  gasoline  in  the 
carburetor  venturi  cools  the  adjacent  parts  during  the  period  while  the  engine  is 
warming  up.  These  parts,  under  some  atmospheric  conditions,  can  become  cool 
enough  to  condense  water  from  the  '  icoming  moist  air  and  form  ice  in  the  carburet¬ 
or.  When  sufficient  xce  has  accumulated  at  the  throttle  plate,  stalling  of  the 
engine  during  idle  can  occur.  Ice.  buildup  in  the  venturi  can  reduce  power  under 
high  load  conditions.  The  most  critical  conditions  are  ambient  temperatures  of 
about  40°F  and  relative  humidity  of  above  60 %  (23). 

It  has  been  shown  that  the  throttle  plate  temperature  in  ambient  conditions  of 
about  40°F,  100  humidity,  will  decrease  to  a  value  in  the  neighborhood  of  5-7 °F, 
and  can  accumulate  large  quantities  of  ice  which  tend  to  cut  off  bhe  air  supply 
to  the  engine  when  the  throttle  is  closed.  Usually  this  condition  will  persist 
until  the  engine  and  intake  system  have  fully  warmed  up.  Figure  16  shows  some 
test  results  and  the  influence  of  fuel  volatility.  High  volatility  promotes 
icing. 

Another  type  of  carburetor  icing  referred  to  as  "running  icing"  or  turnpike  icing 
is  a  build  up  of  ice  in  the  carburetor  venturi  and  this  tends  to  act  as  a  choke 
and  cause  considerable  loss  of  power  and  fuel  economy  due  to  rich  mixtures. 

There  are  two  types  of  carburetor  antiicing  additives:  freeze  point  depressants 
and  the  surface  active  agents.  Freeze  point  depressants  act  as  antifreezes  and 
are  generally  of  the  alcohol  or  glycol-type  materials.  Surface  active  agents 
are  described  in  the  paragraphs  above. 
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Some  freeze  point  depressants  and  to  a  lesser  extent,  the  surface  active  agents 
are  also  effective  in  preventing  ice  plugging  of  fuel  lines.  Some  surface  active 
agents  have  been  used  specifically  for  the  purpose  of  preventing  this  class  of 
problem.  It  has  been  suggested  that  the  surfactants  act  by  coating  the  ice  parti¬ 
cles  and  carburetor  walls  so  that  they  will  not  cling  together  or  agglomerate. 

Thus  the  tiny  particles  proceed  through  the  intake  system  unimpeded.  Antiicers 
are  not  regularly  used  in  avgas.  Some  experimental  antiicers  have  been  developed 
for  avgas  however. 

DETERGENTS.  Basically  two  classes  of  detergents  are  used  in  autogas.  One  is 
designed  primarily  for  keeping  carburetors  clean  or  cleaning  up  dirty  carburetors 
and  the  other  is  commonly  referred  to  as  the  extended  type.  The  most  common 
detergent  used  is  the  one  for  keeping  the  carburetor  clean. 

The  detergent  designed  for  carburetors  alone  functions  because  it  prevents  the 
accumulation  of  or  causes  the  bemoval  of  carburetor  deposits  in  the  throttle  body 
area.  Such  deposits  are  formed  mostly  during  idle  operation  and  arise  from  air¬ 
borne  contaminants  drawn  into  the  carburetor,  and  deposited  on  the  inside  surface 
of  the  throttle  body  just  below  the  throttle  plate.  These  deposits  interfere  with 
the  air  flow  past  the  edge  of  the  throttle  plate  and  richen  the  air-fuel  ratio 
during  low  speed  and  light-load  operation.  This  produces  rough  idle,  frequent 
stalls,  and  reduced  performance  and  economy.  These  deposits  by  virtue  of  causing, 
the  carburetor  to  run  richer  also  increase  unburned  hydrocarbons  and  carbon 
monoxide  emissions.  Use  of  detergents  reduces  the  need  for  carburetor  adjustment. 
The  effectiveness  of  these  detergents  stem  from  their  surface  active  properties. 
Such  detergents  include  amines  and  alkyl  amine  phosphates. 

Detergents  referred  to  commonly  as  the  extended  range  type  are  designed  to  not 
only  clean  carburetors,  but  also  the  underhead  area  of  the  intake  valves,  intake 
ports,  and  in  some  cases,  positive  crankcase  ventilator.  Detergents  are  not  used 
in  avgas  because  the  periodic  overhaul  eliminates  the  need  for  them  since  critical 
parts  are  cleaned  at  that  time. 

UPPER  CYLINDER  LUBRICANTS.  Some  refineries  use  light  lubricants  as  gasoline  addi¬ 
tives  to  help  lubricate  cylinders  and  top  piston  rings,  to  reduce  valve  and  ring 
sticking,  and  to  reduce  intake  system  deposits.  These  upper  cylinder  lubricants 
are  usually  light  mineral  oil  or  low  viscosity  naphthenic  distillates.  In  some 
cases  they  are  compounded  so  as  to  provide  some  detergency  in  the  engine  crankcase. 
These  oils  tend  tc  remain  liquid  in  the  intake  system  thereby  keeping  the  contami¬ 
nants  in  solution  or  in  suspension  so  that  they  wash  through.  Not  all  gasolines 
contain  upper  cylinder  lubricants.  Such  oil  addition  is  suspected  to  cause  octane 
requirement  increase  and  consequently  its  use  has  been  limited.  They  are  not  used 
in  avgas. 

DYES.  Dyes  are  added  to  all  gasolines  for  a  number  of  reasons  including  indicat¬ 
ing  the  presence  of  lead  antiknocks,  to  promote  sales  appeal,  to  identify  various 
makes  or  grades  of  gasoline  and  to  conform  with  the  laws  of  some  states  which 
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require  that  fuels  used  for  off-highway  purposes  have  a  different  and  distinct 
color.  Gasoline  dyes  are  hydrocarbon  soluble  organic  compounds.  Concentrations 
in  gasoline  depend  on  the  intensity  of  the  color  desired  to  meet  a  color  standard 
(this  is  influenced  by  the  color  of  the  base  gasoline). 

Most  unleaded  gasolines  require  a  dye  to  produce  a  water-white  appearance.  The 
selection  of  blending  coranounds  for  unleaded  gasoline  is  the  determining  factor 
whether  the  dye  is  needed  or  not.  Dyes  are  required  in  avgas. 

OXGENATED  FUEL  BLENDING  AGENTS. Over  the  years  there  has  been  much  time  and  effort 
expended  in  the  possible  use  of  several  of  the  alcohols  for  automotive  and  aircraft 
purposes.  Both  ethanol  and  methand-  have  good  antiknock  properties  and  they  are  in 
the  gasoline  boiling  range.  Use  of  alcohol  as  fuels  or  as  blending  agents  in  fuels 
has  occurred  to  a  very  limited  extent,  mostly  because  of  cost  performance  or  prob¬ 
lems  associated  with  their  use.  It  is  believed  there  has  been  greater  use  of 
alcohols  in  foreign  countries  than  in  the  U.S.  In  most  cases,  use  in  foreign 
countries  was  legislated,  usually  because  of  an  excess  of  raw  materials  for  making 
the  alcohol  or  an  excess  of  alcohol  itself. 

The  use  of  alcohols  in  aviation  gasolines  in  the  past  has  generally  been  limited  to 
injection  of  blends  of  water-alcohol  during  take-off  to  increase  knock-limited  power 
Water-alcohol  injection  provided  cooling  in  the  combustion  chamber  and  the  alcohol 
provided  some  antiknock  quality.  These  were  generally  not  used  during  cruise  condi¬ 
tions.  The  quanity  of  water-alcohol  blend  was  limited  to  that  naeded  for  take-off 
and  climb. 

The  alcohols  are  hydroscopic  and  have  an  affinity  for  water  with  methanol  more 
hydroscopic  than  ethanol.  This  has  been  one  of  the  main  drawbacks  associated  with 
the  use  of  alcohol  in  automotive  service.  In  the  past  it  has  been  found  that 
alcohol,  in  particular  methanol,  was  prone  to  preignite  and  in  some  cases  could 
cause  serious  preignition. 

Another  major  problem  associated  with  methanol-gasoline  blends  is  corrosion  of  the 
template  lining  of  the  vehicle  fuel  system  and  attack  by  methanol  of  magnesium  and 
some  aluminum.  Methanol  and  ethanol  have  an  effect  on  many  of  the  elastomers  used 
in  the  current  passenger  car.  A  common  problem  is  increased  swelling  of  gaskets  and 
seal  materials  compared  with  gasoline  alone  and  deterioration  of  celluar  foam  floats 

In  recent  years  because  of  the  energy  problem  and  high  cost  of  crude  there  has  been 
considerable  interest  in  use  of  ethyl  alcohol  in  autogas  to  conserve  energy. 

Ethanol  is  now  being  widely  used  in  Gasohol  -  a  term  copyrighted  by  the  state  of 
Nebraska  for  10  vol.$  alcohol  plus  90  vol .°/>  unleaded  gasoline. 

In  the  absence  of  recalibration  of  the  carburetor,  alcohols  tend  to  lean  out  mixtures 
causing  engine  roughness.  Starting  and  warm-up  characteristics  are  deter iorated  in 
the  winter  and  possible  vapor  lock  is  enhanced  xn  the  summer. 
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Ethanol  and  water  are  miscible  in  all  proportions  and  dry  ethanol  and  gasoline  are 
likewise  miscible.  On  the  other  hand,  gasoline  and  water  are  essentially  immisc¬ 
ible.  A  mixture  of  alcohol,  gasoline  and  water  can  remain  as  a  mixture  in  relative¬ 
ly  narrow  limits  of  composition.  Outside  of  tnese  limits,  separation  occurs.  With¬ 
out  going  into  technical  details  this  can  cause  problems  because  the  alcohol  and 
water  tend  to  go  to  the  bottom  and  gasoline  will  remain  at  the  top.  In  a  large 
storage  container  and  without  mechanical  mixing,  engines  receiving  the  top  phase 
with  considerably  different  volatility  and  stoichiometry  than  the  bottom  phase, 
could  run  rather  poorly.  If  such  blends  were  used  in  aircraft,  the  volatility  and 
stoichiometry  could  be  significantly  different  than  current  avgas  for  which  the 
aircraft  was  designed. 

The  potential  problems  of  poor  engine  performance  and  fuel  system  deterioration 
tend  to  preclude  consideration  of  any  autogas  blended  with  ethanol  or  methanol  to 
a  level  more  than  about  5 $•  These  problems  are  solvable  but  extensive  research  on 
materials  is  required. 

In  addition  to  methanol  and  ethanol  mentioned  above,  there  are  some  recent  develop¬ 
ments  in  other  oxygenates.  Getting  special  attention  are:  l)  tertiarybutyl  alcohol, 
or  t-butyl  alcohol  or  t-butar.ol  (TBA)  and  2)  2, methyl, 2-butyl  ether  (MTBE)  (19) • 

TEA  he?r.  u^ea  m  this  country  for  a  number  of  years  by  companies  who  produce  it 
in  large  volume  as  a  byproduct  from  acetone  manufacture.  They  blend  it  into  gaso¬ 
line  as  a  convenient  way  of  disposing  of  a  chemical  which  is  in  over  supply.  MTBE 
has  been  manufactured  and  used  in  gasoline  in  Italy  and  Germany  for  some  time. 
Manufacture  has  now  begun  in  the  United  States. 

EPA  has  approved  the  use  of  50/50  methanol/ t-butanol,  t-butanol  alone,  and  MTBE 
up  to  7  volume  $,  and  ethanol  up  to  10$  volume. 

A  review  of  the  antiknock  characteristics  of  the  oxygenates  would  lead  one  to 
believe  there  is  much  incentive  to  use  them  for  antiknock  purposes.  With  increasing 
use  of  unleaded  gasoline,  there  is  considerable  competition  for  the  high  octane 
unleaded  gasoline  components  such  as  alkylate  and  reformates.  Some  of  the  alcohols 
hare  drawbacks  that  are  inescapable.  MTBE  shows  considerable  promise  even  though 
methanol  is  used  in  its  manufacture.  MTBE  does  not  produce  any  problems  when  blend¬ 
ed  into  gasoline  and  alcohol  at  the  7$  level. 

The  distillation  curve  of  mixtures  of  gasoline  and  alcohol  have  a  rather  unusual 
shape  because  alcohols  and  hydrocarbons  form  azetropic  mixtures,  or  lower  boiling 
mixtures  than  would  be  expected  from  their  individual  boiling  points.  Thus,  es- 
"  sent ially  all  the  alcohols  are  removed  at  the  midpoint  and  the  balance  of  the  curve 
is  nearly  the  same  as  for  gasoline  alone.  Reid  pressures  and  V/L  ratios  are  great¬ 
ly  increased. 


MTBE  does  not  form  azetropic  mixtures  with  hydrocarbons, 
of  a  mixture  tends  to  follow  that  of  a  normal  gasoline. 


The  distillation  curve 
This  is  true  notwithstand- 


81 


ing  the  fact  MTBE  has  a  lower  boiling  point  than  that  of  either  methanol  or 
ethanol.  This  weans  that  MTBE  distills  throughout  the  boiling  range  of  the  gaso 
line. 

Water  separation  is  not  a  problem  with  either  t-butanol  or  MTBE.  These  larger 
molecules  have  a  greater  ratio  of  organic  carbon  atoms  and  are  less  soluble  in 
water. 

In  summary,  the  use  of  oxygenates  in  autogas  has  been  increasing.  This  further 
complicates  consideration  of  autogas  as  a  substitute  for  avgas.  Information  is 
needed  on  any  harmful  effects  of  these  fuel  additives  in  aircraft  fuel  systems. 
At  present  there  is  no  reliable  information  related  to  aircraft  fuel  system 
performance  and  thus  any  positive  recommendation  with  respect  to  such  blending 
agents  is  not  possible  at' this  time. 


SUMMARY 


In  the  preceding  sections  several  problems  were  discussed  associated  with  matching 
gasoline  fuels  to  engines.  Much  information  is  available  for  automotive  systems 
and  relatively  little  for  aircraft.  Table  9  summarizes  the  problems  discussed  and 
indicates  differences  between  avgas  and  autogas  and  the  nature  of  the  problem.  In 
terms  of  antiknock  quality,  all  autogases  meet  the  lean  requirement  of  Grade  80/87 
avgas  and  probably  meet  the  rich  requirement  as  well,  but  this  cannot  be  proven  at 
this  time.  Autogas  antiknock  quality  is  far  too  low  to  satisfy  the  higher  avgas 
grades.  In  one  problem  area  only  is  there  a  large  difference  between  avgas  and 
autogas,  that  is  vapor  lock.  With  the  exception  of  icing  the  other  problems  are 
relatively  moderate  and  may  be  circumvented  by  more  frequent  maintenance  including 
oil  changes. 

Filter  and  fuel  line  freezing  problems  can  be  alleviated  by  the  addition  of  anti- 
icers  and  by  careful  draining  of  tank  bp++oms.  Carburetor  icing  can  be  controlled 
by  suitable  air  preheating,  a  common  prau  _oe  on  modern  automobiles. 

The  vapor  lock  problem  is  most  difficult  to  solve.  In  terms  of  fuel  metering  two 
possibilities  present  themselves.  One  is  to  fully  and  continu-  .isly  evaporate  the 
fuel  prior  to  metering  and  thus  entirely  circumvent  the  problem  associated  with 
metering  evaporating  fluids.  For  this,  a  separate  system  is  required  for  starting 
and  warm  up  until  exhaust  heat  is  available  for  vaporization.  The  other  possibility 
is  to  employ  high  pressure  individual  "cylinder  fuel  injection  or  single  point 
injection  above  the  throttle  body.  In  this  way,  solid  fuel  is  metered  and  the 
large  pressure  drop  at  the  nozzle  assures  that  liquid  fuel  is  in  the  lines.  One 
advantage  of  single  point  injection  is  that  the  injector  is  removed  from  the  hot 
intake  port.  Continuous  recirculation  of  the  fuel  back  to  the  tank  can  be  used 
to  keep  injectors  cool  and  vapor  return  to  the  fuel  tank  used  to  eliminate  injector 
vapor  problems.  Some  invention  and  development  is  required  to  provide  entirely 
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adquate  systems  of  either  type. 

The  vapor  lock  problems  associated  with  fuel  line  and  pump  volume  can  be  alleviated 
by  a  combination  of: 

a.  larger  diameter  lines 

b.  in-tank  pump 

c.  routing  of  lines  for  minimum  heat  pick-up 

Centrifugal  in-tank  pumps  have  good  potential  for  minimal  suction  pressure  drop, 
high  pressure  and  high  flow.  Perhaps  more  than  one  stage  is  required  depending  on 
pressure  requirements  or  two  pumps  in  series  of  different  design. 

By  employing  advanced  technology,  future  aircraft  may  be  built  to  be  insensitive 
to  the  widely  varying  properties  of  autogas,  properties  whose  variations  appear 
to  be  increasing  as  refiners  attempt  to  improve  refinery  efficiency.  The  use  of 
oxygenates  as  supplements  in  autogas  opens  up  a  new  degree  of  autogas  variation  and 
is  likely  to  introduce  severe  material  problems  both  in  automobiles  and  aircraft 
whose  materials  have  not  been  selected  for  use  with  these  blending  agents  initially. 

Use  of  automotive  oils  with  their  greater  capability  for  neutralizing  acids  and 
their  improved  detergent  and  dispersant  properties  could  alleviate  problems  produc¬ 
ed  by  increased  sulfur  and  higher  volumes  of  high  boiling  point  constitutents  in 
autogas.  However,  the  high  blowby  and  oil  consumption  rates  of  aircraft  engines 
must  be  reduced  through  improved  design  to  minimize  oil  contamination  and  to  mini¬ 
mize  combustion  chamber  deposits  from  the  ash-forming  additives  of  automotive  oils. 
A  Wankel  engine  has  an  advantage  in  this  regard  in  that  the  lubricating  oil  is 
isolated  from  the  blowby. 

I..  order  to  provide  a  basis  for  change  it  may  be  desirable  to  design  a  standard 
fuel  system  certification  test.  Such  a  test  may  be  similar  in  concept  to  the 
ASTM  Sequence  Test  for  automotive  lubricants,  but  rather  employ  standard  lubricants 
and  standard  test  fuels  representative  of  the  extremes  of  expected  autogas  propert¬ 
ies  and  composition.  Engines  and  fuel  systems  thought  to  be  most  sensitive  would 
be  used  as  test  beds.  Obviouoly  considerable  effort  will  be  required  to  design 
appropriate  tests,  but  in  the  absence  of  established  procedures  as  a  baseline,  it 
will  be  difficult  if  not  impossible  to  effect  any  change  in  the  status  quo. 
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APPENDIX  A 


TABLE  A-2.  PREMIUM  AUTOGAS  DATA  (REF.  11)  SUMMER,  1979 
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TABLE  A-4.  REGULAR  AUTOGAS  DATA  (REF.  12)  WINTER,  1978-79 
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TABLE  A-5.  PREMIUM  AUTOGAS  DATA  (REF.  12)  WINTER,  1978-79 
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TABLE  A-6.  UNLEADED  AUTOGAS  DATA  (REF.  12)  WINTER,  1978-79 


TABLE  A-7.  80/87  AVGAS  DATA  (REFERENCE  13)  FROM  1969 
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